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BOOK  IV. 

OF  VEGETABLES. 

Vegetables  are  too  well  known  to  require  any  defi* 
nition.  They  are  perhaps  the  most  numerous  claBs  of  bo- 
dies belonging  to  this  globe  of  ours;  the  specfes  already 
imown  amounting  to  no  less  than  30,000^  and  very  conti^ 
derable  additions  are  daily  making  to  the  number*  But  it 
is  not  my  intention  in  this  place  either  to  enumerate,  to 
describe,  or  to  classify  plants.  These  tasks  belong  to  the 
botanist,  and  have  been  successfully  accomplished  by  the 
zeal,  t^e  singular  address,  and  the  indefatigable  labour,  of 
Linnaeus  and  his  followers. 

It  is  the  business  of  the  chemist  to  analyse  vegetables,  to 
discover  the  substances  of  which  they  are  composed,  to  ex- 
amine the  nature  of  these  substances,  to  investigate  the 
manner  in  which  they  are  combined,  to  detect  the  processes 
by  which  they  are  formed,  and  to  ascertain  the  chemical 
changes  to  which  plants,  after  they  have  ceased  to  vegetate^ 
are  subject.  Hence  a  chemical  investigation  of  plants  com- 
prehends under  it  four  particulars :  1 .  An  account  of  the 
different  substances  found  in  the  vegetable  kingdom.  2.  An 
account  of  the  composition  and  properties  of  the  different 
parts  of  vq^etables;  as  the  leaves,  the  bark,  the  seed,  &c 
Tliese  must  be  composed  of  combinations  of  the  various 
aubstances  described  under  the  first  head.    S.  An  account 
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Book  IV.  of  the  vegetation  of  plants,  as  far  as  it  can  be  illustrated  by 
chemistry.  4.  An  account  of  the  changes  which  plants  un- 
dergo after  they  cease  to  v^etate.  These  different  heads 
•hall  form  the  subject  of  the  four  following  chapters. 


CHAP.  I. 


OF  THB   INGREDIENTS   OF  PLANTS. 


Chip.  1.^  The  substances  hitherto  found  in  the  vegetable  kingdom^ 
all  of  them  at  least  which  have  been  examined  with  any  de- 
gree of  accuracy,  may  be  reduced  under  five  heads :  I.  Sub- 
stances soluble  in  cold  water.  II.  Substances  insoluble  in 
cold' water,  but  partially  soluble  in  hot  water,  at  least  in 
certain  states.  III.  Substances  which  melt  when  heated  (if 
not  already  fluid)  and  which  bum  like  oils.  They  are  in- 
-soluble  in  water;  but  most  of  them  are  soluble  in  alcohol. 
IV.  Substances  neither  soluUe  in  water,  alcohol,  nor  ether, 
and  whidi  have  a  fibrous  or  woody  texture.  V.  Substances 
which  belong  to  the  mineral  kingdom,  which  occur  only  in 
small  quantity  in  vegetables  and  may  therefore  be  looked 
upon  as  extraneous  or  foreign.  Hie  following  table  exhi- 
bits a  view  of  the  di£Perent  vegetable  substances  hitherto 
discovtfed,  arranged  under  their  respective  heads; 
I.  1.  Acids^  5.  Starch. 

2.  Sugar.  6.  Indigo. 

3.  Sarcocoll.  7.  Gluten. 

4.  Ghim.  8.  Pollenin. 

5.  Mucus.  9.  Fibrin. 

6.  Jelly.  III.  1.  Fixed  oiL 

7.  Ulmin.  2.  Wax. 
S.  Colouring  principles.  S.  Volatile  oil. 
9.  Bitter  principles.                4.  Camphor. 

10.  Nicotin.  5.  Burdlime. 

11.  Extractive  6.  Resins. 

12.  Emetin.  7.  Goaiacttm. 
II.    1.  Morphia.                           9f  Babams. 

2.  Aspara^.  9.  Gttm-resins. 

8.  Cerasin*  U).  Caootdiouc 
4.  Inuiin 


Aonis* 

IV.  h  CottoD.  V.  1.  Acids. 

2.  Suber*  8.  Alkalies. 

3.  MeduUin.  8.  Earths. 

4.  Fungin.  4.  Metals. 

5.  Lignin. 

The  properties  of  these  difierent  substanees  form  the  sub* 
ject  of  th«  following  sections : 


SECT.  I. 

OF  ACIDS. 

The  combustible  or  vegetable  acids  found  ready  formed 
in  plants  are  the  following : 

1.  Acetic  S«  Sorbic; 

2.  Oxalic.  9.  Sengoic 

S.  Tartaric.  lu.  H^uro^anic 

4.  Citric.  11.  Kmic 

5.  Moroxylic  12.  Gallic. 

6.  B<rfetic.  IS.  Tannin. 

7.  Malic 

1.  Acetic  acid  is  easily  detected  by  its  peculiar  odour,  Aocds. 
and  by  the  compounds  which  it  forms  with  the  alkalies  and 
earths.  It  has  been  found  by  Vauquelin  in  the  sap  of  di& 
ferent  trees  which  he  examined,  and  likewise  in  the  aci4 
juice  of  the  cicer  arietmum^  which  consists  of  oxalic  acid, 
malic  add,  and  a  little  acetic  acid.*  Scheele  obtained  it 
from  the  sambucus  nigra.f 

It  has  been  found  also  in  the  following  plants : 

Phoenix  dactilifera.^  Rhus  typbinus.|| 

Gallium  verum;§ 

2.  Oxalic  acid  is  easily  detected  and  distinguished  by  thd  OiBilis. 
following  properties :  It  decomposes  all  calcareous  salts,  and 
forms  with  lim^  a  salt  insoluble  in  water.     It  readily  crys* 
talUzes.    Its  crystals  are  quadrilateral  prisms.    It  is  totidly 
destroyed  by  heat 

•  Joor.  de  Phys.  liL  809.  ^  Add.  de  Cfcim.  vi.  IS. 

\     t  FottrcrQJr,  «s  foottd  bj  JofabyChsodscbs  tsbtUsu  der  Pfluistbsii** 
(jrseii,p.il  fSchradtr^Ibid.  ||Jolui^IM. 
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Book  IV.  Oxalic  acid  was  first  detected  in  v^etables  by  Scheelo^ 
^JJJ^y*^  It  exists  in  the  state  of  binoxalate  of  potash  in  the  leaves  of 
taiaing  it.  the  oxaUs  acetosello^  oxaUs  comiadatOj  and  different  species 
oirumex;  and  likewise  in  the  geranium  acidum.  In  the 
root  of  rhubard  Scheele  found  it  in  the  state  of  oxalate  of 
lime;  and  Deyeux,  Dispan,  and  Vauquelin,  have  observed 
it  uncombined  in  the  liquid  which  exudes  from  the  deer  pa-* 
rietinum.  Scheele  detected  the  presence  of  oxalate  of  lime 
in  a  Variety  of  roots  and  barks  besides  rhubarb.  He  re- 
duced the  substances  to  be  examined  to  powder  or  thin 
slices,  digested  them  for  two  hours  in  diluted  muriatic  acid, 
and  dropped  ammonia  in  excess  into  the  filtered  solution. 
If  the  oxalate  was  present,  the  liquid  became  gradually 
milky,  and  deposited  it.  The  following  is  his  table  of  the 
roots  and  barks  from  which  he  obtained  this  salt :  * 


Alkana. 
Apium. 
Bistorta. 
Carlina  acaulis. 
Curcuma. 
Dictamnus  albus. 
Faeniculum. 
Genti&na  rubra. 


I.  ROOTS« 

Vincetoxicum. 

Lapathum. 

Liquiritia. 

Mandragora. 

Ononis. 

Iris  florentina. 

Iris  nostras. 

II.  BARKS. 


Saponaria. 

SciUa. 

Sigellum  salomonis. 

Tormentilla. 

Valeriana. 

Zedoaria. 

Zengiber. 


Berberis.  Cassia  caryophyllata.  Quassia. 

Cassia  fistularis.  China.  Quercus. 

Canella  alba.        Culilavan.  Simaruba. 

Onnamomum.     Frangula.  Lignum  sanctum. 

Cascarilla.  Fraxinus.  Ulmus. 

Oxalic  acid  has  been  found  likewise  uioited  to  potash, 
lime,  or  magnesia,  in 

Spinacea  oleracea.  f 
Lichnis  dioica.  t 
Atropa  belladonna.  % 

8.  Tartaric  add  is  known  by  the  following  properties : 
When  a  little  potash  is  cautioudy  dropped  into  a  solution 

•  Crell's  Annals,  iii.  S.  English  Trans. 

t  Braconnoty  Jolm,  Chemischa  tdbeUan  dar  Pflaaianaaaljrtan,  p«  se. 

t  M^Undre,  John,  ibid.  p.  M. 
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cbntaining  it,  common  tartar  is  formed,  and  precipitates  to  rhapw  I. 
the  bottom.    Tartaric  acid  does  not  decompose  the  sul-  ^'"'v*^ 
phate,  nitrate,  or  muriate  of  lime.    Tartrate  of  lime  is  in»> 
soluble  in  water.     Tartaric  add  crystallizes.    Its  crystals 
are  long  slender  prisms.    It  is  destroyed  by  heat. 

Tartaric  acid  has  been  found  in  the  following  vegetable  Plants  con- 
substances:  •^°'"»*^ 

Pulp  of  the  tamarind,  * 
The  juice  of  grapes. 

Rhus  typhinum.f 

Vaccinium  oxyccos.^ 

Rheum  raponticum.^ 

Moms  alba*  II 

Rhus  corearia.** 

Pinus  sylvestris.  f 

Pinus  abies.  f 

Pinus  larix.  f 

l^um  sisarum.  ft 

Triticum  repens.  |j 

Leontodon  taraxicum.  || 

4  Citric  acid  is  distinguished  by  the  following  properties :  ckrie. 
It  does  not  form  tartar  when  potash  is  added  to  it     With 
lime  it  forms  a  salt  insoluble  in  water,  which  is  decomposed 
by  sulphuric,  nitric,  and  muriatic  acids.     It  readily  crys- 
tallizes.   It  is  destroyed  by  heat 

Citric  acid  has  been  found  unmixed  with  other  acids  in  piantt 
the  following  v^etable  substances;  XX  ttinim:  it. 

The  juice  of  oranges  and  lemons. 

The  berries  of  vacdnlum  ox^coccos,  cranberry » 

vitis  idaea,  red  whortleberry. 

Prunus  padus,  birddierry. 

Solanum  dulcamara,  nightshade. 

Rosa  canina,  lup. 

It  occurs  mixed  with  other  acids  in  many  other  fruits. 
Citrate  of  lime  exits  also  in  (he  onion. 

*  VauquftUn,  Ann.  de  Chim.  v.  92.  f  John,  ibid.  p.  S|0»  .  . 

t  3indbeim,  Crell's  Annaleo,  17S7>  p-  537. 

\  Bindheim,  ibid.  1788,  ii.  43.  U  Hennbstadt. 

**  Trommsdorf  and  Gren,  John,  ibid.  50.  % 

ft  Margraaf)  John,  ibid.  p.  64. 

nScfatele,CreU'sJourn.  ii.a.  £n|.TraD«. 
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Book  IT.      5.  Moroxyli^  acid  bos  been  hitherto  feand  only  in  the 
^T^v^  btrk  of  the  marus  albOj  or  white  nmlberry.     For  its  charao* 
'  (eristic  properties  I  refer  to  vol.  ii.  p.  HS. 


Soietie.  ^    Boletic  add  has  been  hitherto  found  only  in  the  to/f* 

tuspseudo  igniarms.    For  its  characters  I  refer  to  vol.  ii.  p. 

147. 
Malic  7,  Malic  acid  is  known  by  the  following  properties :  it 

forms  with  lime  a  salt  soluble  in  water,  which  is  decomposed 

by  citric  acid.     It  does  not  form  tartar  with  potash.     It  is 

incrystallizabie.     Heat  destroys  it. 
?Unts  eon.     Malic  acid  has  been  found  by  Scheele  *  in  the  fruits  of 
iQing  t .   ^^  following  plants^  which  contain  no  other  acid : 

Apples. 

Berberis  vulgaris,  barberry. 

Prunus  domestica,  plum. 
qnnosa,  slds. 

Sambucus  nigra,  elder. 

Sorbus  aucuparia»  roan  or  service. 

Pfantt  eon-     In  the  following  fruits  he  found  nearly  an  equal  quantity 
^alnd^'"  of  malic  and  citric  adds :  f 

*^***^  Ribes  grossularia,  goosd>erry. 

rubrum,  .currants 

Vaccinium  myrtillus,  bleaberry. 

Cratqi^us  aria,  beam. 

Prunus  cerasus,  cherry. 
Fragaria  vesca,  strawberry. 

Rubus  chamsemorus,  doiidberriesy  evrochs. 

-— —  idasusy  raspberry. 

Malic  acid  has  also  been  found  in  the  agave  americana,  X 
and  in  the  pulp  of  tamarinds.  §  In  the  first  of  these  it  is 
mixed  with  tartaric  acid ;  in  ihe  second  with  tartaric  and 
dtric  acids.  Vauquelin  has  latdy  detected  it  in  the  state  of 
tnalate  of  lime,  in  the  following  plants : 

Seiinpervivum  tectorom. 

Sedum  album,  acre,  telephium. 

Arum  macidatDm. 

Different  species  of  crassipla  and  mesembrianthemtnn.| 

•  Scbaele,  Crell'i  Jour.  ii.  ^.  Ea$,  Trans.  t  Ibid. 

t  Hoffmau  of  Weimar.  ^  Vtfta^aeiia.  Ana.  de  Gliin.  v.  92. 

II  Vaoquelio,  Ana.  de  Chin.  esxt.  i63w 


ACIDS. 

It  has  been  found  likewise  in  tbe  foUpwing  pkmts  cbie0y    Chap.  i. 
combined  with  Uuie  or  potash :  ^-«v-*^ 

Bromelia  ananas.  *  Rubia  tinctorum. 

Rata,  grareolens.  f  Reseda  luteola. 

Delphinium  elatum*  Staphylea  pinnata. 

Portulaca  oleracea.  Sambucus  ebulus. 
Eupatorium  cannabinum.       Chaerophyllum  sylvestfre. 

Nicotiana  rustica.  Actsea  spicata. 

Mirabilis  Jalappa.  Brionia  alba. 

Tropceolum  majus.  Syringa  yulgaris. 

Ricinus  communis*  Valeriana  officuialis. 

Trifolium  melilotus.  Spinacea  oleracea. 

8.  Sorbic  acid  was  discovered  by  Mr.  Donovan,  in  th^  Sorbic. 
berries  of  the  pyrus  aucuparui^  wh^e  it  was  accompanied 
with  malic  acid.  He  found  it  along  with  the  same  acid  in 
apples,  plums,  barberries,  and  sloes.  According  to  Mr. 
Donovan's  observations,  whenever  any  other  acid  besides 
malic  is  present,  no  sorbic  acid  whatever  can  be  detected* 
Thus  raspberries  and  gooseberries  contain  no  sensible 
quantity  of  sorbic  acid,  citric  and  malic  acids  existing  in 
the^e  iruits  together.  For  the  characters  gf  sorbic  add,  see 
voL  ii.  p.  180. 

9»  Benzoic  acid  is  distinguished  by  its  aromatic  odour.  Benzoic 
and  its  volatility  on  the  application  of  a  very  moderate  heat. 
It  has  been  found  hitherto  only  in  g  few  vegetable  sub- 
stances, to  which  the  French  chemists  have  confined  the 
term  balsam.  These  are,  benxoiuj  balsam  ofiolu^  storax^  8cc* 
It  has  been  detected  likewise  in  the  following  plants : 

Origanum  majoramu):  Cicer  arietinum.  ^  * 

Salvia  sclarea.§  Fung^.ft 

Epidendron  vanilla.  || 

10.  The  smell  and  the  property  of  forming  Prussian  blue  H^drocj* 
with  the  oxygenized  salts  of  iron  are  sufficient  to  characterift  ^^ 

*  Adety  Ana.  de  Chim.  xxv.  3S. 

t  BracoQuot,  Add.  de  Chim.  hv.  277.  To  bim  likt wiM  we  are  in* 
debtedy  for  all  the  other  pleats  coDtaiaed  in  tbe  table. 

X  Gbttling,  as  quoted  by  John,  Tabelleo,  p.  59.  But  he  thinks  that 
Gbttling  mistook  camphor  for  benaotc  add. 

§  Braconnoty  Ann.  de  Chim,  Ixv.  S85.         ||  John,  TabeUeOi  p.  5S. 

*^  Proust,  Asuu  de  Chim.  invi.  273,  and  zlix,  181. 

nibid. 
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Book  IV.  the  hydrocyanic  acid.  Ever  since  Scheele  pointed  out  the  ine- 
^*v**^  thod  of  procuring  this  acid  in  a  separate  state,  the  similarity 
between  its  smell  and  the  odour  of  bitter  almonds,  peach- 
blossoms,  and  other  vegetable  substances,  did  not  fail  to  be 
remarked:  but  it  was  not  till  about  the  year  1802  that 
Bohn  observed  a  similarity  between  the  taste  of  hydrocyanic 
acid  and  the  water  distilled  from  bitter  almonds;  and  that 
when  this  water  was  mixed  with  potash,  it  acquired  the 
property  of  precipitating  iron  solutions  blue.  These  results 
were  confirmed  soon  after  by  Schraeder,  who  succeeded  also 
in  obtaining  prussian-blue,  by  the  same  means,  £i*om  the 
distilled  waters  of  laurocerasus  leaves  and  peach-blossoms, 
^hen  lime  is  added  to  the  concentrated  waters  of  these 
substances,  there  is  formed  a  prussiate  of  lime ;  for  when 
the  liquid  is  mixed  with  a  salt  of  iron,  prussian-blue  preci- 
pitates the  instant  that  another  acid  is  added.  When  these 
waters  arc  distilled  off  pure  potash,  a  prussiate  of  potash 
remains,  and  even  crystallizes.  The  water  that  comes  over 
contains  no  hydrocyanic  acid.  When  distilled  with  am- 
monia, no  Prussian  ley  is  obtained.* 

This  discovery  was  soon  aflter  verified  by  the  experiments 
of  Gehlen,  Bucholz,  and  Vauquelin.  Bucholz  found  that 
hydrocyanic  acid  was  cpntained  in  the  essential  oil  of  bitter 
almonds,  and  that  it  could  be  separated  by  means  of  fixed 
alkalies,  but  not  by  ammoqia.t  Vauquelin  obtained  hydro- 
cyanic  acid  by  distilling  water  off  the  kernels  of  apricots  in 
a  water  bath.  The  liqirfd,  when  mixed  with  sulphate  of 
iron,  and  a  little  an^monia  added,  yields  a  precipitate  only 
partially  soluble  in  sulphuric  acid.  The  residuum  is  green, 
but  becomes  blue  when  boiled,  ^ence  Vauquelin  supposes 
that  the  hydrocyanic  acid  in  these  bodies  is  in  a  peculiar 
state. :{:  Schneder  has  since  obtained  hydrocyanic  acid  from 
the  flowers  of  the  sloe  {prtmus  spinosa^)  and  the  leaves  of 
the  bay-leaved  willow  (salix  pentandra.)  ^  It  cannot  be 
doubted  that  almost  all  the  bitter-tasted  kernels  contain  this 
acid. 

Kinic.  11-  Kinic  acid  has  been  hitherto  found  only  in  the  bark 

of  the  cinchona  officinalis^  where  it  occurs  combined  with 
lime.     For  its  charactersi  see  voL  ii.  p.  168. 

*  Jour,  de  Phy^.  Ivi.  294.  +  Gehlen*«  Jour.  i.  78. 

X  Ann.  de  Chim.  xW.  206.  §  Gehlen's  Jour.  i.  394. 
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12.  Gallic  acid  is  known  by  the  following  properties:    Chap.  I. 
with  the  red  oxide  of  iron  it  produces  a  black  colour.   It  is  ^JTJ>^^ 
erystallizable.     Heat  destroys  it.     It  has  been  found  in  a 
great  number  of  plants,  chidly  in  the  bark.    The  following 
table,  drawn  up  by  Mr.  Biggin,*  will  serve  to  show  the  re- 
lative proportions  of  this  acid  in  different  plants : 

Ehn 7       Sallow   , . . . .     8  K*n«»  «»• 

Oak  cut  in  winter 8       Montain  ash , . . . .     8  ^'"°* 

Horse  chesnut 6       Poplar   8 

Beech 7       Hazel 9 

Willow  (boughs) 8       Ash 10 

Elder 4       Spanish  chesnut   10 

Plum-tree 8       Smooth  oak 10 

Willow  (trunk) 9       Oak  cut  in  sprmg 10 

Huntingdon    or    Lei- "I 
cester  willow j 


Sycamore 6 

Birch  •  •  •  • ; 4 


Cherry-tree 8      Sumach 14 

IS.  Tannin,  like  most  other  v^etable  substances,  seems  Spedca of 
to  be  su^eptible  of  different  modifications.     The  following  ^^^"^ 
are  the  different  species  of  tannin  which  have  been  hitherto 
noticed. 

(1).  Tannin  from  nutgalls.    This  is  the  common  species  From  nat^ 
described  in  this  Work  under  the  name  of  tannin.     It  pre-  ^  *' 
cipitates  iron  black,  and  forms  a  firm  insoluble  brown  pre- 
cipitate with  glue.     The  bark  of  oak,  and  most  other  as- 
tringent trees  in  this  country,  are  supposed  at  present  to 
contain  this  species  of  tannin. 

(2).  The  tannin  which  constitutes  so  large  a  proportion  of  Cttedm, 
catechu  forms  the  second  species.    Its  peculiar  nature  was 
first  observed  by  Proust     It  was  afterwards  more  particu- 
larly  examined  by  Davy.     It  forms  with  iron  an  olive- 
coloured  precipitate. 

(S).  The  tannin  of  kino  constitutes  a  third  species.  .  This  Kino, 
substance  is  obtained  from  different  vegetables.  It  was 
originally  imported,  as  is  supposed,  from  Africa ;  but  at 
present  the  common  kino  of  the  shops  is,  according  to  Dr. 
Duncan,  an  extract  from  the  coccoloba  urifera^  or  sea-side 
grapej  and  is  brought  chiefly  from  Jamaica.  But  the  finest 
Ipno  is  the  product  of  different  species  of  euccdyptus^  par* 

♦  Nicohon's  Jour.  iii.  394. 
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Book  IV.   ticalarly  the  reanifera  or  brown  gam  tree  of  Botany  Bay.* 

^-""v*^  It  is  an  astringent  substance  of  a  dark-red  colour,  and  very 
brittle.  It  dissolves  better  in  alcohol  than  water.  The 
solution  in  the  latter  liquid  is  muddy;  in  the  former  trans^ 
parent,  and  a  fine  crimson  if  sufficiently  diluted.  It  throws 
down  gelatine  of  a  rose-colour,  and  forms  with  salts  of  iron 
a  deep-green  precipitate,  not  altered  by  exposure  to  the  air» 
These  properties,  first  observed  by  Dr.  Duncan,  and  after- 
wards by  Vauquelin,  show  that  it  contains  abundance  of 
tan,  but  in  a  particular  state.t 

Sumach,  (4).  The  fourth  variety  of  tannin  is  contained  in  sumach. 
This  is  a  powder  obtained  by  drying  and  grinding  the  shoots 
of  the  rhus  coriaria  ;  a  shrub  cultivated  in  the  southern  parts 
of  Europe.  The  tan,  which  it  contains  in  abundance^ 
yields  a  precipitate  with  gelatine,  which  subsides  very 
slowly,  and  remains  in  the  state  of  a  white  magma  without 
consistence. 

Fustic.  (^)*  The  fifth  variety,  according  to  Proust,  is  to  be  found 

in  the  wood  of  the  morus  tinctoria^  or  old  fustic  as  the  Bri- 
tish dyers  term  it.  This  wood  gives  out  an  extract  both  to 
alcohol  and  water,  which  yields  a  precipitate  with  gelatine* 
A  solution  of  common  salt  is  sufficient  to  throw  it  down.| 

Tannin  affects  particularly  the  bark  of  trees ;  but  it  exists 
also  in  the  sap  and  in  the  wood  of  a  considerable  number, 
and  even  in  the  leaves  of  many.  It  is  very  seldom  that  it 
exudes  spontaneously;  yet  this  scenes  to  be  the  case  witii  a 
variety  of  kino  firom  Botany  Bay,  which  I  have  lately  ex« 
amined.^ 

It  has  been  ascertained  by  Mr.  Biggin,  ||  that  when  the 
barks  of  trees  are  examined  at  different  seasons  they  vary 
in  the  quantity  of  tan.  The  quantity  varies  also  with  the 
age  and  size  of  the  trees. *^*  The  greatest  proportion  of  tan 
is  contained  in  the  inner  bark.tt  The  epidermis  usually 
contains  none. 

The  following  table  exhibits  the  proportion  of  solid  matter 
extracted  by  water  from  different  vegetable  substances,  and 
the  quantity  of  tan  contained  in  that  solid  matter,  as  ascer* 
lained  by  the  experiments  of  Davy. 

•  Nico1soD*s  Jour.  vi.  234.  +  Ann.  de  Chim.  xlvi.  321. 

\  Proust.  Ann.  de  Chim.  xlii.  94.  §  Annals  of  Philosophy,  i,  163. 

I  Phil.  Tran.  1798,  p.  299.  •*  Davy,  ibid.  1803. 
+  f  Davy,  ibid. 
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Solid  Miittei-.        Tan.      Chap.  I. 
One  ounce  of  ^^^^  Giaini.  -— ^^ 

White  inner  bark  of  old  oak 108   ....  V^Tableof 

young  oak Ill    • . . .  77  ^« <i«*"- 

...__ Spanish  chesnut  • .  • .    S9   .  •  •  •  63  n[^  ^n 

, . Leicester  willow  ••••  117   ....  79pl««tt. 

Coloured  or  middle  bark  of  oak  • 43   •••.  19 

■  Spanish  chesnut    41    ••  ••  14 

, ■  Leicester  willow    34   •  •  • .  16 

Entire  bark  of  oak • 61    •  •  •  •  29 

-i Spanish  chesnut 35   •  •  •  •  21 

I  Leicester  willow 71    •  •  •  •    33 

■  eun  •••••••-•.••••.••••.     *~   • • • •     13 

I-  common  willow ••••    -—  ••••     11 

Sicilian  sumacb • 165    •  •  • .     78 

Malaga  sumach  156   ••••     79 

Souchong  tea. —   •  •  •  •     48 

Green  tea • —  •  •  •  •     41 

Bombay  catechu —  •  •  •  •  261 

Bengal  catechu —   • .  • .  231 

NutgaUs   180  ....  127 


SECT.  II. 

OF  SUGAR. 

Sugar,  which  at  present  forms  so  important  an  article  History. 
in  our  food,  seems  to  have  been  known  at  a  very  early 
period  to  the  inhabitants  of  India  and  China ;  but  Europe 
probably  owes  its  acquaintance  with  it  to  the  conquests  of 
Alexander  the  Great.  The  word  saccharon  occurs  in 
Fliny  *  and  I>ioscorides.f  They  describe  it  a  white  brittle 
<olid,  which  exuded  spontaneously  from  a  species  of  reed* 
From  the  description,  it  does  not  appear  that  the  sugar 
known  to  the  ancients  was  similar  to  our  sugar ;  but  their 
account  is  so  imperfect  that  little  can  be  collected  from  itf 

*  lAh.  xii.  c.  8. 

t  De  Medica  Materia,  lib.  ii.  c.  104,  or,  in  some  copies,  c  74. 
i  See  Beck]Mim*8  Uistoria  Saccjbari.     ComBMouukmet  8oc.  Reg. 
Go^tngenusi  1782,  vol.  v.  p.  66b  -^ 
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Book  IV.  For  ages  after  its  introduction  into  the  West,  it  was  used 
only  as  a  medicine;  but  its  consumption  gradually  in- 
creased ;  and  during  the  time  of  the  Crusades,  the  Vene- 
tians, who  brought  it  from  the  East,  and  distributed  it  to 
the  northern  parts  of  Europe,  carried  on  a  lucrative  com- 
merce with  sugar.  It  was  not  till  after  the  discovery  of 
America,  and  the  extensive  cultivation  of  sugar  in  the  West 
Indies,  that  its  use  in  Europe,  as  an  article  of  food,  became 
general.* 

Sugar  was  formerly  manufactured  in  the  southern  parts 
of  Europe ;  but  at  present  almost  the  whole  of  our  sugar  is 
produced  in  the  East  and  West  Indies.  The  plant  from 
which  it  is  procured  is  the  arundo  saccharifera  or  sugar  cane. 
Other  plants  indeed  contain  it;  but  not  in  such  abundance. 
In  North  America,  however,  it  is  extracted  iVom  the  acer 
saccharinum  or  sugar  maple,  but  in  too  small  quantity  for 
exportation.  Attempts  have  been  lately  made  to  extract  it 
from  the  beet 

1.  The  method  of  making  sugar  practised  in  Indostan  is 
exceedingly  simple,  and  requires  little  or  no  expensive 
apparatus.  The  soil  chosen  is  a  rich  v^etable  mould,  in 
such  a  situation  that  it  can  be  easily  watered  from  the  river. 
About  the  end  of  May,  when  the  soil  is  reduced  to  the 
state  of  soft  mud,  either  by  rain  or  artificial  watering,  slips 
of  the  cane,  containing  ox\e  or  two  joints,  are  planted  in 
rows  about  four  feet  from  row  to  row,  and  eighteen  inches 
asunder  in  the  rows.  When  they  have  grown  to  the  height 
of  two  or  three  inches,  the  earth  round  them  is  loosened. 
In  August  small  trenches  are  cut  through  the  field  to  drain 
off  the  rain,  if  the  season  prove  too  rainy ;  and  to  water  the 
plants,  if  the  season  prove  too  dry.  From  three  to  six 
canes  spring  from  each  slip  set.  When  they  are  about 
three  feet  high,  the  lower  leaves  of  each  cane  are  carefully 
wrapped  round  it ;  And  then  the  whole  belonging  to  each 
slip  are  tied  to  a  strong  bamboo  eight  or  ten  feet  high,  and 
stuck  into  the  earth  in  the  middle  of  them.  They  are  cut 
in  January  and  February,  about  nine  months  after  the  time 
of  planting.  They  have  now  reached  the  height  of  eight  or 
ten  feet,  and  the  naked  cane  is  from  an  inch  to  an  inch  and 


Manufac- 
ture of  su- 
gar in  In- 
tlostan. 


*  See  Falconer's  Sketch  of  the  History  of  Sagmr,  MaDcbester  MemoirS;^ 
iv.  S91 ;  and  Mozelev's  Historv  of  Sugar. 
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u  quarter  in  diameter.  They  have  not  flowered.  When  Chtp.  i. 
this  happens,  the  juice  loses  much  of  its  sweetness.  The  ^^"""v*^ 
newly  cut  canes  are  put  through  the  rollers  of  a  mill,  and 
their  juice  collected  into  large  iron  boilers,  where  it  is 
boiled  down  smartly  to  a  proper  consistence,  the  scum 
being  carelessly  taken  off.  The  fire  is  then  withdrawn,  and 
the  liquid  by  cooling  becomes  thick.  It  is  then  stirred 
about  with  sticks  till  it  begms  to  take  the  form  of  sugar^ 
when  it  is  put  in  mats  made  of  the  leaves  of  the  palmira 
tree  {borcissmJlaheUtfcrmis)^  and  the  stirring  continued  till  it 
is  cold.*  This  process  yields  a  raw  or  powdered  sugar ; 
but  it  is  clammy,  and  apt  to  attract  moisture  from  the 
atmosphere,  because  the  adds  in  the  juice  have  not  been 
removed.  By  the  addition  of  quicklime  to  the  juice^  in  the 
proportion  of  about  three  spoonfuls  to  every  14  gallons,  the 
sugar  loses  this  property.  The  impure  sugar  prepared  by 
this  method  is  dlledjagary.  £very  three  quarts  of  juice, 
or  every  six  pounds,  yields  about  one  pound  of  sugar.  From 
an  acre  of  ground  about  5000  pounds  of  sugar,  and  conse- 
quently about  50,000  pounds  dfjuice,  are  obtained. 

2.  In  the  West  India  islands  the  raising  of  sugar  is  much  intheWeit 
more  expensive,  and  the  produce  much  less,  owing  to  the  ^'^^^' 
high  price  of  labour;  or,  which  is  the  same  thing,  to  the 
nature  of  the  labourers,  and  to  the  inferiority  of  the  soil. 
The  juice  extracted  by  passing  the  cane  twice  between  iron 
rollers  is  received  in  a  leaden  bed,  and  thence  conducted 
into  a  receiver.  Here  it  cannot  be  allowed  to  stand  above 
20  minutes  without  beginning  to  ferment.  Therefore,  as 
soon  as  collected,  it  is  run  into  a  flat  copper  cauldron, 
called  a  clarifier,  capable  of  holding  400  gallons  or  more. 
Here  it  is  mixed  with  a  quantity  of  lime.  The  maximum 
used  is  a  pint  of  lime  to  every  hundred  gallons ;  but  in 
general  much  less  will  serve.  Fire  is  immediately  implied, 
and  the  juice  heated  to  the  ten^rature  of  140^.  The  fire 
is  then  extinguished.  A  thick  viscid  scum  forms  upon  the 
top,  which  remains  unbroken,  and  the  clear  liquid  is  drawn 
off  from  under  it  by  a  cock  or  syphon,  and  introduced  into 

*  See  Dr.  Roxburgh's  Account  of  the  Hindoo  method  of  caltivating 
the  Sugar  CaAe,  Repertory,  U.  495,  Secood  Series;  andTtonmnt's  Indiaa 
Recreations,  ii.  31. 
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Book  IV.  a  large  eopper  boiler.  Here  it  is  boiled  briikly ;  the  scum^ 
as  it  forms,  being  continually  removed  by  large  scummers* 
When  the  bulk  of  the  liquid  is  sufficiently  diminished,  it  is 
introduced  into  a  second  boiler,  and  the  boiling  and  scum«* 
ming  continued  as  before;  lime-water  being  sometimes 
added,  if  the  liquid  does  not  appear  dear.  From  the  second 
tapper  it  passes  into  a  third ;  and  from  that  to  a  fourth, 
where  the  very  same  process  is  continued.  This  last  copper 
is  called  the  teache.  When  by  continued  evaporation  it 
has  become  sufficiently  concentrated,  which  is  judged  of  by 
its  viscidity,  it  is  withdrawn  from  the  fire^  and  introduced 
into  the  cooler.  This  is  a  wooden  vessel  about  11  inches 
deep,  seven  feet  long,  and  from  five  to  six  wide.  As  it 
cools  it  crystallizes  or  grains^  forming  an  irregular  mass 
separated  from  the  uncrystallized  syrup  or  melasses.  From 
the  cooler  it  is  taken  and  put  into  empty  hogsheads,  having 
boles  in  the  bottom;  through  each  hole  die  stalk  of  a 
plantain  leaf  is  thrust,  long  enough  to  rise  above  the  top  of 
the  hogshead.  Through  these  holes  the  melasses  drain 
into  a  receiver^  In  about  three  weeks  the  sugar  beoomea 
tolerably  dry  and  fair,  and  the  process  is  finished.  The 
sugar  in  this  state  is  sent  to  Britain,  under  the  name  of 
muscovado  or  raw  sugar.*  A  gallon  of  the  raw  juice  yielda 
at  an  average  about  a  pound  of  raw  sugar.f 

In  the  French  West  India  islands  the  process  is  some- 
what different.  From  the  cooler  the  inspissated  juice  is 
poured  into  conical-shaped  pots  with  the  point  undermost. 
As  soon  as  it  has  become  solid,  a  plug  is  withdrawn  firom 
the  point  of  the  cone,  and  the  mdasses  snfiered  to  drain. 
When  no  more  will  drop,  a  stratum  of  day  moistened  with 
water  is  laid  upon  the  top  of  the  sugar.  The  water  from 
this,  slowly  penetrating  the  sugar,  carries  down  the  remains 
of  the  melasses.  Sugar  treated  in  this  way  is  called  dayed 
sugar.  The  process  is  said  to  have  been  discovered  by 
accident.  A  hen  having  her  feet  dirty  had  gone  over  a  pot 
of  sugar,  and  the  sugar  under  her  tread  was  found  whiter 
than  elsewhere.  By  claymg,  the  vagBH  loses  about  one* 
third  of  its  weight ;  but  a  considerable  portion  of  the  loss 

•  £dwards*8  History  of  dis  Wnt  Indies,  ii.  SSI; 
t  Ibid.p.S94. 
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may  be  obtained  by  boiling  down  the  juice  that  nins  ofi;  Chap.  i. 
The  process  is  not  considered  as  so  profitable  in  the  '^-^v*-^ 
British  islands  as  the  one  which  is  usually  followed.* 

3.  In  North  America  the  farmers  procure  sugar  fi>r  their  ^  ^^^ 
own  use  by  a  still  simpler  process,  from  the  sap  of  the  ooer 
saccharwMm^  or  sugar  maple  tree,  which  abounds  in  the 
woods.     It  reaches  maturity  in  about  20  years,  and  is  then 

from  two  to  three  feet  in  diameter.  In  February,  March, 
^d  April,  the  tree  is  bored  with  an  auger  to  the  depth  of 
about  \  inch,  and  in  an  ascending  direction.  The  hole  is 
then  deepened  to  two  inches.  A  wooden  spout  is  intro- 
duced into  the  hole  to  direct  the  flow.  The  sap  flows 
from  four  to  six  weeks.  When  it  ceases  on  the  south  side^ 
the  north  side  is  bored.  This  process  does  not  injure  the 
tree ;  but  on  the  contrary  improves  it  An  ordinary  tree 
yields  in  good  seasons  from  20  to  30  gallons  of  sap; 
from  which  ai^made  from  five  to  six  pounds  of  sugar; 
or  every  forty  pounds  of  sap  yields  about  a  pound  of  sugar ; 
so  that  it  is  not  one-sixth  so  rich  as  the  £ast*India  sugar 
cane. 

The  sap  ought  never  to  be  kept  longer  than  twenty-^fiittr 
hours  after  it  is  procured  from  the  tree.  It  is  improved  by 
straining  through  a  cloth.  It  is  put  into  large  flat  kettles, 
mixed  usually  with  quicklime,  white  of  egg,  and  new  milk. 
A  spoonful  of  slacked  lime,  the  white  of  one  egg,  and  a  pint 
of  new  milk,  is  sufficient  for  fifteen  gallons  of  sap.  A  little 
butter  is  added  to  prevent  the  sap  from  boiling  over.  When 
boiled  down  sufficiently,  it  is  allowed  to  graiuj  or  form  into 
small  crystals,  which  constitute  raw  sugar,  and  then  purified 
in  the  usual  manner.* 

4.  The  raw  sugar  imported  into  Europe  is  still  fiurther  Rtfiaiiif  gf 
purified.    It  is  dissolved  in  water,  mixed  with  lime,  clarified  ^^^^* 

by  means  of  bullock's  blood,  boiled  down  to  a  proper  cohh 
sistency,  scumming  ofi*  the  impurities  as  they  rise  to  the  top, 
and  then  poured  into  unglazed  conical  earthen  vessels, 
where  it  is  allowed  to  grain.  The  point  of  the  cone  is 
undermost,  and  perforated  to  allow  the  impurities  to  sepn- 
rate.    The  base  of  the  cone  is  covered  with  moist  cky ;  th? 

"•  £dwards'8  History  of  the  West  Indies,  ii.  «32. 

t  See  Dr.  Rash's  Accouot  of  the  Sugar  Maple  Tree,  Axn^i^  Trans. 
* **  ^  ^ 
UI.04. 
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Book  V.  water  of  which  gradually  fihers  through  the  sugar,  and  did^ 
^^"v**^  places  a  quantity  of  impure  liquid.     The  sugar  thus  puri- 
fied is  called  haf  sugar.    When  rcdissolved  and  treated  in 
the  same  way  a  second  time,  it  is  called  refined  sugar.    This 
process  appears  to  have  been  first  practised  by  the  Venetians 
How  refin-      5.  In  Uie  East  Indies,  where  they  make  very  pure  sugar^ 
dotfiin"*     their  process  is  remarkably  simple  and  economical,  but 
tedious.     An  account  of  this  process,  as  practised  about 
Aska  and  Barampour,  has  been  given  by  Mr.  Anderson^ 
surgeon  of  the  Madras  establishment.     The  cane  juice  is 
first  strained,  and  then  boiled  with  a  little  lime  to  the  pro* 
per  consistency  for  graining.     It  is  afterwards  put  into 
small  earthen  pots  with  mouths  six  inches  wide,  and  allowed 
to  remain  at  least  a  month :  sometimes  six  or  eight  months. 
A  hole  is  then  made  in  the  bottom  of  the  pots,  and  the 
liquid  syrup  suffered  to  run  off  from  the  crystallized  sugar. 
The  sugar  is  put  upon  a  cloth  and  squeezed,  being  occa- 
sionally moistened  with  water,  the  better  to  remove  the 
remainsof  the  syrup.     It  is  then  dissolved  in  water,  and 
boiled  a  second  time  to  the  proper  consistency ;  milk  and 
some  water  being  added  fi*om  time  to  time  in  order  to 
clarify    it,    and    the    scum  being    removed   as   it   rises* 
It    is    poured  into    small   wide-mouthed    pots,     suffered 
to  crystallize,   and  a  hole   bored  in  the  bottom  of  the 
pots  to  allow  the  remains  of  the  syrup  to  run  off.     To 
whiten  the  sugar,  the  tops  of  the  pots  are  covered  with  the 
leaves  of  the  creeping  vine ;  and  these  are  renewed  every  day 
for  five  or  six  days.     When  pure  sugar  candy  is  wanted, 
the  sugar  thus  obtained  is  dissolved  in  water  again,  and  the 
same  process  of  boiling  with  milk  and  scumming  is  repeated. 
When  poured  into  pots,  thin  slices  of  bamboo  are*  intro* 
duced,  which  prevents  it  firom  running  into  lumps,  and  in« 
duces  it  to  form  large  crystals.* 
Theory  of       6.  According  to  Dr.  Higgins,  who  went  to  the  West 
togv-mik-  Indies  on  purpose  to  examine  the  manufacture  of  sugar,  the 
juice  of  the  sugar  cane  contains  a  great  number  of  bodies ; 
but  the  most  important  of  them  (not  reckoning  sugar  and 
water)  ar6  those  which  he  calls  herbaceous  matter  and  melas^ 
ses  acid,  Concerning  the  nature  of  these  substances  nothing 
very  precise  is  known ;  but  the  great  object  of  the  manu£u> 

•  Phil.  Mag.  xxi.  «72. 
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tiirer  is  to  remove  them,  as  they  impede  the  crystallizing  of  Chap.  I. 
the  sugar.  The  herbacemis  matter  *  is  partly  held  in  solution 
by  the  water,  partly  by  the  carbonic  acid.  When  the 
liquid  is  heated  to  140^,  the  carbonic  acid  is  disengaged, 
and  the  herbaceous  matter  separates  in  flakes  of  an  olive- 
green  colour.  This  produces  the  scum.  Lime  facilitates 
the  separation,  partly  by  abstracting  the  carbonic  acid,  and 
partly  by  forming  an  insoluble  compound  with  the  herba- 
ceous matter.  Hence  its  use  in  the  first  part  of  the  process. 
It  is  called  temper  by  the  manu&cturers.  Too  much  is 
injurious  in  the  first  part  of  the  process.  It  redissolves 
the  herbaceous  matter,  or  at  least  deepens  the  colour  of  the 

syrup.t 

The  nature  of  the  melasses  acid  is  not  better  known  than 
that  of  the  herbaceous  matter ;  but  it  combines  with  the 
sugar,  and  forms  nn  uncrystallizable  syrup.  Lime  is  neces- 
sary in  the  last  part  of  the  process  to  remove  this  acid ;  it 
combines  with  it,  and  the  compound  runs  off  with  the 
syrup  during  the  graining  of  the  sugar.:}^  This  acid  is  no 
doubt  that  which  exists  in  unripe  canes,  and  the  quantity  of 
it  of  course  diminishes  as  the  cane  improves  in  quality.  I 
have  been  informed  by  my  friend  Dr.  Clarke  of  Dominica, 
that  the  quantity  of  lime  necessary  is  much  less  when  the 
canes  are  rich  and  ripe  than  when  green  or  lodged,  or 
when  they  have  been  cut  some  time  before  they  are  bruised 
in  the  mill :  and  that  he  has  known  the  juice  of  rattoon 
rich  canes  boiled  down  into  permanent  crystals  of  sugar 
without  the  assistance  of  any  lime.  He  substituted  potash 
instead  of  lime ;  but  found  that  the  sugar  obtained  by  this 
method  was  liable  to  deliquesce.  Soda  made  the  grain 
firmer,  but  smaller  than  usual.  These  facts  would  lead  to 
a  suspicion  that  the  melasses  add  is  either  the  acetic  or  the 
citric.  Dr.  Clarke's  experiments  should  exclude  the  oxalic, 
tartaric,  and  malic  acids. 

These  observations  of  Dr.  Clarke  agree  very  well  with 
the  account  of  Dutrone,  who  made  a  very  great  number  of 

*  This  is  probably  a  different  substance  from  any  that  we  know  at 
present.  It  seems  to  possess  many  properties  in  common  with  gluten. 
Dr  Higgins  says  that  it  agrees  in  its  properties  >nth  the  dregs  of  refined 
in(tigo. 

t  See  Higgins*  ObservaUons,  Phil.  Mag.  xxiy.  308. 
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Book  IV.  experiments  on  sugar  cane  juice,  and  was  very  weU  flC» 
^^*v^  quainted  with  its  properties.  According  to  him  it  chiefly 
consists  of  sugar,  extractive,  and  two  different  kinds  of 
fecula,  which  are  precipitated  by  lime.  He  endeavours  to 
prove  that  unaltered  juice  contains  no  acid,  and  his  expe- 
riments are  sufficient  to  convince  us  that  the  quantity  of 
acid  is  at  least  very  minute.* 

Dutrone's  experiments  were  performed  before  vegetable 
chemistry  had  made  nearly  the  progress  which  it  has  now 
reached.  Hence  it  is  difficult,  from  his  description,  to  re- 
cognise the  substances  which  he  found  in  sugar-cane  juice. 
But  this  loss  has  been  supplied  by  the  experiments  of 
Proust  Living  in  Spain  where  the  sugar  cane  is  still  cul- 
tivated, he  had  an  opportunity  of  examining  its  juice. 
He  found  it  to  contain  gluten  or  green  fecula,  gum,  ex- 
tractive, malic  acid,  sulphate  of  lime,  and  two  species  of 
sugar ;  namely,  common  sugar,  and  a  species  which  is  in- 
capable of  crystallizing,  and  can  only  be  exhibited  in  the 
state  of  syrup,  and  which,  for  that  reason,  he  calls  liquid 
sugar.  The  quantity  of  acid  was  very  minute,  and  pro- 
bably in  a  warmer  climate  than  Spain  its  quantity  would 
be  still  smaller.f 

According  to  Dutrone  sugar-canes  give  about  half  their 
weight  of  juice,  the  specific  gravity  of  which  varies  from 
I'OSS  to  1-106.  It  is  at  first  opaque,  but  when  the  feculent 
matter  has  precipitated,  it  becomes  transparent,  and  of  a 
green  colour.  When  allowed  to  stand  for  some  time  it 
runs  into  acidity,  but  if  the  feculent  matter  be  removed  it 
undergoes  the  vinous  fermentation. 
Properties.  ?•  Sugar  procured  pure  by  the  preceding  methods  has  a 
very  strong  sweet  taste,  but  no  smell.  Its  colour  is  white; 
and  when  crystallized  it  is  somewhat  transparent  It  has 
often  a  considerable  degree  of  hardness ;  but  it  is  always 
so  brittle  that  it  can  be  reduced  without  difficulty  to  a  very 
fine  powder.  When  two  pieces  of  sugar  are  rubbed 
against  each  other  in  the  dark,  a  strong  phosphorescence 
is  visible. 

Sugar  is  not  altered  by  exposure  to  the  atmosphere,  ex- 
cepting only  that  in  damp  air  it  absorbs  a  little  moisture. 

*  Historic  de  la  Canne.    Premiere  Partie,  cliap.  yi.  and  vii. 
t  Ann.  de  Cbim.  lyii.  148. 
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6.  It  is  exceedingly  soluble  in  water.    At  the  tempera-    Chap.  I. 
ture  of  48^  water^  according  to  Mr.  Wenzel,  dissolves  its  ^"Y!*^ 
own  weight  of  sugar.*     The  solvent  power  of  water  in-  -^^  ^l^^ 
creases  with  its  temperature;  when  nearly  at  the  boiling 
point,  it  is  capable  of  dissolving  any  quantity  of  sugar 
whatever.     Water  thus  saturated  with  sugar  is  known  by 
the  name  of  syrup. 

Syrup  is  thick,  ropy,  and  very  adhesive ;  when  spread  Sjtojk 
thin  upon  paper,  it  soon  dries,  and  forms  a  kind  of  varnish, 
which  is  easily  removed  by  water.  Its  specific  caloric,  ac- 
cording to  the  experiments  of  Dr.  Crawford,  is  1'086. 
When  syrup  is  sufficiently  concentrated,  the  sugar  whidi 
it  contains  may  be  obtained  in  crystals.  The  syrup  is 
boiled  down  till  it  is  thick,  poured  immediately  into  pans, 
and  kept  in  a  stove  or  room,  heated  so  as  not  to  be  sup- 
ported by  animals  for  any  length  of  time.  The  crystals  Ciyttalt* 
concrete  upon  small  sticks  placed  in  the  pans  for  that  pur- 
pose.f  The  primitive  form  of  these  crystals  is  a  four-sided 
prism,  whose  base  is  a  rhomb,  the  length  of  which  is  to 
its  breadth  as  10  to  7,  and  whose  height  is  a  mean  propor- 
tion between  the  length  and  breadth  of  the  base.  The 
crystals  are  usually  four  or  six-sided  prisms,  terminated  by 
two-sided,  and  sometimes  by  three-sided  summits.^  From 
the  experiments  of  Berzelius  they  are  composed  of 

Real  sugar  100 
Water  ...       5'6 


105-6  § 

9.  The  specific  gravity  of  very  white  sugar,  according  Spccifit 
to  the  experiments  of  Fahrenheit,  is  1*6065 ;  ||  according  to  5™^**^* 
Hassenfi^tz,  it  is  1*4045.** 

10.  Sugar,  as  far  is  known,  is  not  acted  upon  by  oxygen 
gas.  Tlie  effect  of  the  simple  combustibles  on  it  has  not 
been  tried ;  but  it  does  not  appear  to  be  great.  Azotic  gas 
nor  the  metals  have  no  sensible  action  on  it. 

11.  From  the  recent  experiments  of  chemists  it  appears 
that  sugar  is  capable  of  combining  with  and  neutralizing 
both  acids  and  alkalines  bodies. 

*  Verwandschaft,  p.  308.  f  Lewis,  Neuman's  Chemistry,  p.  339. 

X  Gillot,  Ann.  de  Chim.  xviii.  31  f.    §  Annals  of  Philosophy,  v.  264. 
II  PhU.  Trans.  17S4,  vol  xxxiii.  p.  114.    •*  Ann.  de  Chim.  xxvui.  IS. 
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Sulphuric  acid  and  muriatic  acid  act  upon  it  with  con- 
siderable encrg}^,  charcoal  is  evolved,  and  much  of  the 
sugar  destroyed,  the  remainder  loses  the  power  of  crys- 
tallizing.* 

Nitric  acid  dissolves  it  with  an  effervescence,  occasioned 
by  the  evolution  of  nitrous  gas,  and  converts  it  into  malic 
and  oxalic  acids.  Four  hundred  and  eighty  grains  of  sugar, 
treated  with  six  ounces  of  nitric  acid,  diluted  with  its  own 
weight  of  water,  and  cautiously  heated,  separating  the 
crystals  as  they  formed,  yielded  280  grains  of  oxalic  acid. 
So  that  100  parts  of  sugar  yield  by  this  treatment  58  parts 
of  oxalic  acid.f  Wlien  liquid  chlorine  is  poured  upon 
sugar  in  powder,  it  is  dissolved,  and  immediately  converted 
into  malic  acid ;  and  the  chlorine  is  converted  into  com- 
mon muriatic  acid.J 

Oxalic,  acetic,  and  tartaric  acid,  deprive  sugar  of  the 
property  of  crystallizing,  or  at  least  the  crystals  are  soft  and 
ill  defined.§ 

12.  When  lime  is  added  to  a  solution  of  sugar  in  water, 
and  the  mixture  boiled  for  some  time,  a  combination  takes 
place.  The  liquid  still  indeed  retains  its- sweet  taste ;  but 
it  has  acquired  also  a  bitter  and  astringent  one.  A  little 
alcohol  added  to  the  solution  produced  a  precipitate  in 
white  flakes,  which  appeared  to  be  a  compound  of  sugar 
and  lime.  Sulphuric  acid  precipitated  the  lime  in  the 
state  of  sulphate,  and  restored  the  original  taste  of  the 
sugar.  When  the  compound  of  sugar  and  lime  was  eva- 
porated to  dryness,  a  semitransparent  tenacious  syrup  re- 
mained, which  had  a  rough  bitter  taste,  with  a  certain 
degree  of  sweetness.  || 

From  the  experiments  of  Mr.  William  Ramsay,  it  ap- 
pears that  sugar  facilitates  and  increases  the  solubility  of 
lime  and  strontian,  and  forms  a  combination  with  them. 
But  barytcs  seems  to  act  with  more  energy,  and  to  occasion 
a  partial  decomposition  of  the  sugar.  For  on  endea- 
vouring  to  dissolve  it  in  syrup  it  was  constantly  con- 


•  Vogel,  Ann.  de  Chim.  Ixxi.  93. 

+  Cruickshiuiks,  lit»lIo  on  Diabetes,  p.  460. 

t  Chencvix,  Ann.  de  Chim.  xxviii.  193. 

fj  Vogel,  Ann.  de  Chim.  Ixxi.  95. 

I  Cruickslianks,  Hollo  on  Diabete.",  p.  460. 
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Terted  into  a  carbonatei   and  very  little  in  consequence    chap.  i. 
dissolved.*  ^--%r— ^ 

The  fixed  alkalies  combine  with  sugar,  and  form  com*  Of  alkalies. 
pounds  not  unlike  those  which  have  been  just  described. 
Potash  destroys  the  sweet  taste  of  syrup  more  completely 
than  lime;  but  when  it  is  neutralized  by  sulphuric  acid, 
and  the  sulphate  precipitated  by  alcohol,  the  sweet  taste  is 
completely  restored.  When  alcohol  is  agitated  with  the 
compound  of  sugar  and  potash  dissolved  in  water,  it 
refuses  to  unite  with  it,  biit  swims  on  the  top  in  a  state  of 

purity.t 

When  a  solution  of  sugar  is  digested  on  oxide  of  lead, 
the  oxide  is  gradually  dissolved,  but  after  a  certain  inter* 
val  of  time  a  light  white  powder  makes  its  appearance. 
This  powder  is  a  compound  of  sugar  and  oxide  of  lead. 
It  is  white,  light,  tasteless,  and  insoluble  in  water.  Ac- 
cording to  Berzelius  to  whom  we  are  indebted  for  our 
knowledge  of  it,:]:  its  constituents  are  as  follows : 

Sugar 41*74?    ....  100 

Oxide  of  lead  . . .  58'26    ....   139*6 


100-00 

13.  Sugar  is  soluble  in  alcohol,  but  not  in  so  large  a  pro-  Of  alcohol, 
portion  as  in  water.     According  to  Wenzel,  four  parts  of 
boiling  alcohol  dissolve  one  of  sugar.  §  But  this  proportion  is 

surely  too  great.  Lewis  could  only  dissolve  one  part  of  sugar 
in  12  of  boiling  rectified  spirits,  and  MargraiFin  16  parts. 
When  the  solution  is  set  aside  for  a  few  days,  the  sugar 
separates  in  elegant  crystals.  ||  Sugar  unites  readily  with 
oils,  and  renders  them  miscible  with  water.  A  moderate 
quantity  of  it  prevents,  or  at  least  retards,  the  coagulation 
of  milk ;  but  Scheele  discovered  that  a  very  large  quantity  of 
sugar  causes  milk  to  coagulate.** 

14.  The  hydrosulphurets,  sulphurets,   and  phosphurets  of  guiph^ 
of  alkalies  and  alkaline  earths,  seem  to  have  the  property  ^^»  &c. 
of  decomposing  sugar,  and  of  bringing  it  to  a  state  not  very 
different  fi*om  that  of  gum.     Mr.  Cruickshanks  introduced 

*  Ncbolson's  Jour,  xviii.  9. 

t  Cruicl^shanks,  Hollo  on  Diabetes,  p.  460. 

I  ADual^  of  Philosophy,  v.  263.  ^  Verwandtschaft,  p.  305. 

II  Lewis,  Newman's  Chemistrj,  p.  S^.    Margraff,  Opusc.  i.  S17. 
••  Scheele,  ii.  3^,  Dijon  Tmni, 
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Book  IV.  a  quantity  of  syrup  into  a  jar  standing  over  mercury,  aii4 
^'■V'"''  then  added  about  an  equal  quantity  of  phosphuret  of  lime, 
Phosphureted  hydrogen  gas  was  immediately  extricated. 
In  eight  days  the  syrup  was  withdrawn :  it  had  lost  its 
sweet  taste,  and  acquired  a  bitter  and  astringent  one.* 
From  this  solution  alcohol  threw  down  white  flakes,  very 
much  resembling  those  of  mucilage  separated  from  water 
by  the  same  liquid.f  A  little  sugar  was  dissolved  in  alco- 
hol, and  phosphuret  of  lime  added  to  it.  No  apparent 
action  took  place.  The  mixture,  after  standing  in  the 
open  air  for  some  days,  was  evaporated  and  water  added. 
No  gas  was  disengaged,  as  the  phosphuret  had  been  con- 
verted into  a  phosphate.  The  liquid  being  filtered  and 
evaporated,  a  tenacious  substance  remained,  much  resem- 
bling gum  arabic.  Its  taste  was  bitter,  with  a  slight  de- 
gree of  sweetness.  It  did  not  seem  soluble  in  alcohol.  It 
burned  like  gum.  X 

l^milar  experiments  were  made  by  this  ingenious  che- 
niist  with  the  sulphurets.     The  sweet  taste  of  the  sugar  was 
destroyed;  but  op  account  of  the  solubility  of  the  different 
products,  the  nature  of  the  change  could  not  be  ascertained. 
Action  of        15.  When  heat  is  applied  to  sugar  it  melts,  swells,  be- 
heat.  comes  brownish-black,    emits  air  bubbles,  and  exh^es  a 

peculiar  smell,  known  in  French  by  the  name  of  carmneL 
At  a  red  heat  it  instantly  bursts  into  flames  with  a  kind  of 
explosion.  The  colour  of  the  flame  is  white  with  blue 
edges. 

When  sugar  is  distilled  in  a  retort,  there  comes  over  a 
fluid  which,  at  first,  scarcely  differs  from  pure  water ;  by 
and  by  it  is  mixed  with  what  was  formerly  called  pyromu- 
cous  acid,  and  is  now  known  to  be  a  compound  of  oil  and 
acetic  acid  ;§  afterwards  some  empyreumatic  oil  makes  its 
appearance,  and  a  bulky  charcoal  remains  in  the  retort. 
This  charcoal  very  frequently  contains  lime,  because  lime 
is  used  in  refining  sugar;  but  if  the  sugar,  before  being 
submitted  to  distillation,  be  dissolved  in  water,  and  made 

•  This  is  the  taste  of  phosphuret  of  lime. 

+  Rollo  on  Diabetes,  p.  45 J.  J  Cruickshanks,  ibid. 

§  Schrickcl,  in  his  dissertation  De  Salibus  Saccharinis,  published  ia 
1776,  endeavoured  to  show  that  pyromucous  acid  was  a  mixture  of  vine^ 
gar,  oxalic  and  tartaric  acids.  Fourcroy  and  Vauquelin  have  prpved 
more  lately  that  it  is  merely  acetic  acid  united  to  a  little  oil« 
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%o  crystallize  by  evaporation  in  a  temperature  scarcely  Chap.  i. 
holier  than  that  of  the  atmosphere,  no  lime  whatever,  nor  ^"""v^^ 
any  thing  else,  except  pure  charcoal,  will  be  found  in  the 
retort.  During  the  distillation,  there  comes  over  a  consi* 
derable  quantity  of  carbonic  acid  and  carbureted  hydrogen 
gas.*  Sugar  therefore  is  decompcfted  by  the  action  of 
heat ;  and  the  following  compounds  are  formed  from  it : 
Water,  acetic  acid,  oil,  charcoal,  carbonic  acid,  carbureted 
hydrogen  gas.  The  quantity  of  oil  in  a  separate  state  is 
inconsiderable;  by  &r  the  most  abundant  product  is  pyro- 
mucous  acid.  Sugar  indeed  is  very  readily  converted  into 
pyromucous  acid ;  tor  it  makes  its  appearance  always  when- 
ever synip  is  raised  to  the  boiling  temperature. 

We  are  indebted  to  Mr.  Cruikshanks  for  the  most  pre- 
cise set  of  experiments  on  the  decomposition  of  sugar  by 
heat.  Four  hundred  and  eighty  grains  of  pure  sugar  were 
introduced  into  a  coated  retort,  and  heated  gradually  to 
r(^ness.     The  products  were, 

Pyromucous  acid  with  a  drop  or  two  of  oil.  •  270  grains* 

Charcoal 120 

Carbureted  hydrogen,  and  carbonic  acid  gas     90  . 

480 

The  pyromucous  acid  required  about  75  grains  of  a  solu- 
tion of  potash  to  saturate  it ;  and  when  thus  neutralized,  no 
ammonia  was  disengaged.  Hence  sugar  contains  no 
azote,  unless  we  suppose  a  very  minute  portion  to  be  present 
in  the  pyromucous  acid  ;  and  even  this  is  not  likely.  The 
charcoal  burns  away  without  leaving  any  residue.  Hence 
sugar  contains  no  earth  nor  fixed  alkali.  The  proportion 
of  the  gaseous  products  was  119  ounce  measures  of  carbu- 
reted hydrogen,  and  41   ounce  measures  of  carbonic  acid 

gas.t 

These  experiments  are  sufficient  to  show  us,  that  sugar  constitu- 
is  composed  entirely  of  oxygen,  carbon,  and  hydrogen.     It  *"^« 
is  of  course  a  vegetable  oxide.     Lavoisier  endeavoured  to 
determine    its   constituents    experimentally;     but  at  that 
time  pneumatic  chemistry  had  made  too  little  progress  to 
permit  him  to  approach  very  near  the  truth.     More  lately 

*  Scopoli  and  Morveau,  Encyc.  Meth.  Chin,  i^  269. 
t  EoUo  on  Diabetes,  p.  4j59. 
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Book  IV.  Gay-Lussac  and  Thenard  have  analysed  sugar  kff  burning 
a  determinate  quantity  of  it  with  chlorate  of  potash,  and  a&* 
certaining  the  proportion  of  carbonic  acid  gas  formed.* 
Berzelius  has  repeated  this  analysis  with  some  modifications, 
and  with  his  accustomed  precision.f  The  following  table 
exhibits  tlie  results  of  these  experiments : 

Gay  Lussac  Berzelius. 

and  Thenard. 


Oxygen....  50-63    ..  51-4.7    ..  49*015    ..  49'083 

Carbon 42'47    ..41-48    ..  44*200    ..  44-115 

Hydrogen..     6-90    ..     7*05   ..     6-785    ..     6-802 

^•^^^•^^^^^•m  ^^B^na^^B^^  ^mm^^^m^m^l^  ^•m^m^m^^i^^mm 

100-00        100-00        10000         100-00 

If  we  consider  the  compound  of  sugar  and  oxide  of  lead 
formed  by  Berzelius  as  composed  of  one  atom  sugar  and  one 
atom  oxide  of  lead,  then  the  weight  of  an  atom  of  sugar  will 
be  10-03  ;  for  139-6  :  100  ::  14  :  10-03.  The  proportions  of 
constituents  which  will  agree  best  with  this  weight  and 
with  the  preceding  analyses  are 

Five  atoms  oxygen  •  •  •  •  =  5  . .  49.4 

Six  atoms  carbon =  4*5  •  •  44-5 

Five  atoms  hydrogen. .  •   =  0*625     ••     6-1 


Atom  of  sugar =  10-126         100*0 

If  Berzelius'  saccharate  of  lead  be  a  compound  of  2  atoms 
sugar  and  1  atom  oxide  of  lead,  then  the  weight  of  an  atom 
of  sugar  will  be  only  5.  But  as  this  weight  could  not  be 
so  nearly  reconciled  to  the  analyses  above  stated,  I  am  dis- 
posed to  consider  the  saccharate  of  lead  as  a  compound  of 
1  atom  of  sugar  and  1  atom  of  oxide  of  lead.  On  that  sup- 
position the  weight  of  an  atom  of  sugar  must  be  10-125. 
Species.  16.  From  the  experiments  of  different  chemists,  espe- 

cially of  Proust  and  Goettling,  it  appears  that  there  are 
different  species  of  sugar  found  ready  prepared  in  the  v^^ 
table  kingdom,  distinguished  from  each  other  by  the  figure 
of  their  crystals,  and  other  variations  in  their  properties* 
The  species  hitherto  examined  are  six  in  number;  namely, 
common  sugar,  liquid  sugar,  sugar  of  figs,  sugar  of  grapes 
and  of  starch.  Botany  Bay  sugar,  and  manna« 

•  Recherches  Physico-chimiques,  ii.  288. 
t  AnaaU  of  Philosophy^  v.  26S. 
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-  >Commgp  sugar  is  the  substance  which  has  been  described  Chap.  I. 
in  the  preceding  part  of  this  Section.     It  is  obtained  from  ^T^^^^ 
the  sugar  cane.     As  far  as  is  known  at  present,  there  is 
no  di£Perence  between  the  sugar  of  the  maple  and  commoa 
sugar.    The  sugar  of  beet  is  also  tlie  same  as  commoft 
sugar. 

17.  Liquid  sugar  was  first  pointed  out  by  Proust.     He  Liquid, 
has  shown  that  it  exists  in  a  variety  of  fruits  and  vegetable 
juices.    It  is  distinguished  firom  every  other  species  of  sugar 

by  being  incapable  of  crystallizing.  It  can  only  be  exhi- 
bited in  a  liquid  state.  It  is  transparent  and  cdourless 
when  pure,  and  is  more  soluble  in  alcQhol  than  common 
sugar.  By  means  of  that  liquid  it  may  be  separated  from 
common  sugar  when  they  happen  to  be  mixed.  It  exists 
in  the  sugar  cane  juice,  and  constitutes,  according  to  Proust^ 
a  considerable  portion  of  the  molasses.  It  exists  also  in 
grapes,  peaches,  apples,  and  other  fruits.*  From  the  ex- 
})eriments  of  Auarie  it  appears,  that  a  liquid  sugar  may 
also  be  obtained  from  the  stalks  of  the  Zea  Mays,  or  Indian 
com ;  but  no  method  tried  was  capable  of  inducing  it  to 
crystallize,  f  From  the  experiments  of  Vogel  and  Bouillon 
Lagrange  there  is  reason  to  suspect  that  liquid  sugar  may 
be  merely  common  sugar  deprived  of  the  power  of  crystal- 
lizing by  being  combined  with  an  acid. 

18.  The  sugar  of  figs  may  be  seen  in  a  concrete  state  Sagir  of 
upon  the  outside  of  that  fruit  in  the  state  in  which  it  is  ^^* 
usually  sold  in  the  shops  in  this  country.     If  we  dissolve  it 

in  boiling  alcohol  and  set  the  liquid  aside,  we  may  easily 
obtain  it  in  the  state  of  crystals.  These  crystals  have  a  form 
difier^it  from  that  of  common  sugar ;  nor  do  tliey  appear 
to  my  taste  quite  so  sweet  Hence  they  must  constitute  a 
distinct  species. 

19.  That  grapes  contain  abundance  of  sugar  has  been  sugar  of 
long  known.  The  Due  de  Bullion  first  extracted'  it  from  F*J*»- 
the  juice  of  grapes,  and  Proust  pointed  out  the  difierence 
between  it  and  common  sugar.  The  juice  of  grapes,  ac- 
cording to  him,  yielded  from  30  to  40  per  cent,  of  this 
sugar.:]:  The  sugar  of  grapes  is  not  so  white  as  common 
sugar,  but  it  crystallizes  much  more  readily.  $ 

•  Proust,  Ann.  de  Chim.  Ivii.  131.  +  Ann.  de  Chim.  Ix.  61. 

t  Jour,  de  Pbys.  xxix.  5,  and  Ivi.  113.      ^  Nicholson's  Jour.  xiv.  178. 
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Book  IV.       Proust   has  published  a  long  dissertation  on   the  pro-^ 
^■"v*^  perties  of  this  sugar,  and  the  method  of  extracting  it  from 
grapes.  It  was  of  great  importance  on  the  continent  during 
the  last  war,  on  account  of  the  difficulty  of  obtaining  sugar 
from  the  West  Indies. 
Verjuice.         Veijuice,  or  the  liquid  obtained  from  unripe  grapes,  co&- 
tains  tartar,  sulphate  of  potash,  sulphate  of  Ume,   much 
citric  acid,  a  little  malic  acid,  extractive,  and  water ;  but 
neither  gum  nor  sugar.  As  the  grapes  advance  to  mataritjTy 
the  citric  acid  gradually  disappears,  and  gum  and  sugar 
appear  in  its  place. 
Jnlce  of         The  juice  of  ripe  grapes  contains  also  gluten  and  fibroui 
npc  S»P««  matter,  merely  in  a  state  of  mixture,  and  therefore  sepa- 
rable by  the  filter,  or  still  better  by  boiling  and  scumming 
the  liquid.     The  substances  held  in  solution  are  chiefly 
sugar,  syrup,    gluten,   gum,  and  extractive.     When  this 
juice  is  evaporated  to  dryness,  it  yields  from  a  third  to  8 
fifth  of  solid  matter,  according  to  the  species  of  grape  em- 
ployed, and  the  season  of  the  year. 
Sugar  of         To  extract  the  sugar  from  this  juice,  Proust  saturated 
of  grapes,    ^j^^  acids  which  it  contains  with  potash,  boiled  it  down  to 
a  half,  and  left  it  at  rest.     By  this  means  several  of  the 
salts  subsided.     Its  specific  gravity  was  1'215.     It  was  then 
mixed  with  blood,  heated,  scummed,  filtered,  and  boiled 
down  to  a  syrup.     It  gradually  becomes  crystallized,  and 
resembles  the  raw  sugar  from  the  West  Indies.     In  this 
state  its  specific  gravity  is  about  1*500.     This  raw  sugar, 
according  to  Proust,  is  composed  of 

Oystallizable  sugar 75'00 

Syrup,  or  uncrystallizable  sugar  .  S***^ 

Gum 0-31 

Malate  of  lime 0*25 


100-00 


Besides  some  extractive,  the  quantity  of  which  cannot  well 
be  ascertained.  The  syrup  holds  in  solution  a  considerable 
quantity,  probably  more  than  half  its  weight,  of  crystal- 
lizable  sugar ;  but  it  is  difficult  to  separate  it. 

The  raw  sugar  thus  obtained  is  not  so  sweet  as  that  from 
the  sugar  cane,  since  four  parts  of  the  latter  will  go  as  far 
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fts  five  parts  of  the  former.     But  it  may  be  applied  to  all  Chap.  i. 
the  purposes  of  common  raw  sugar. 

This  raw  sugar  may  be  refined  precisely  in  the  same  way 
as  that  of  the  sugar-cane.  It  is  then  white,  but  inferior  in 
consistence  to  common  sugar.  It  is  not  so  sweet,  and  has 
a  striking  resemblance  to  the  sugar  of  honey.  It  does  not 
crystallize,  but  assumes  the  form  of  sphericles.  It  is  not 
so  soluble  as  the  sugar  of  canes,  and  is  therefore  more  easily 
separated  from  the  other  substances  in  the  juice  of  grapes. 

Proust  informs  us  that  the  raw  Sugar  from  grapes,  when 
diluted  sufficiently  with  water,  ferments  and  is  converted 
into  wine. 

Starch  may  be  converted  into  a  sugar  possessing  exactly  sctrch  m- 
the  properties  of  sugar  of  grapes,  by  mixing  it  with  about  sv. 
four  times  its  weight  of  water  and  about  one  hundreth  part 
of  its  weight  of  sulphuric  acid,  boiling  the  mixture  for 
thirty-six  hours,  supplying  water  as  fast  as  it  evaporates ; 
then  saturating  the  acid  with  lime,  separating  the  sulphate 
of  lime  and  concentrating  the  liquid  by  sufficient  evapon^ 
tion. 

This  curious  fact  was  accidentally  discovered  by  Kirch- 
faoff,  a  Russian  chemist,  as  he  was  employed  in  a  set  of  ex* 
periments  to  convert  starch  into  gum.  He  conceived  that 
the  starch  would  be  rendered  soluble  in  water  by  boiling  it 
with  very  dilute  sulphuric  acid,  and  by  prolonging  the  boil- 
ing he  gradually  observed  the  conversion  of  the  starch  into 
sugar.  Vogel  ascertained  that  during  the  conversion  of 
starch  to  sugar  no  gas  whatever  is  extricated.  Mr.  Moore  • 
and  M.  de  Saussuref  ascertained  that  the  quantity  of  sulphuric 
acid  was  not  diminished  by  the  process.  ISaussure  ascertain- 
ed that  100  parts  of  starch  when  converted  into  sugar  be* 
come  110*14  parts.  Hence  he  drew  .as  a  conclusion  that 
starch  sugar  is  merely  a  compound  of  starch  and  water  in 
the  solid  state.:]:  According  to  his  analysis  the  constituents 
pf  starch  sugar  are  as  follows : 

Oxygen 55-87 

Carbon 37*29 

Hydrogen 6*84 

100*00 

*  Phil.  Mag.  xl.  134.  f  Anaals  of  Philosophy,  vi.  424. 

I  AimnU  of  PhUo9ophy,  yi.  4kii^» 
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Book  IV.        As  we  have  no  data  for  determining  the  equivalent  nnm* 
^'"'v**^  ber  for  starch  sugar,  it  is  impossible  to  know  of  how  many 

atoms  of  oxygen,  carbon,  and  hydrogen  it  is  composed. 

Were  we  to  consider  it  as  composed  of  five  atoms  of  each 

of  its  ingredients,  its  composition  and  weight  would  be  as 

follows : 

5  Atoms  oxygen =5 53*33 

5  Atoms  carbon    =  3-75    40*00 

5  Atoms  hydrogen   . . . .  =  0;625 667 

Atoms  of  starch  sugar  =  9'375  100*00 

These  proportions  do  not  differ  much  from  the  result  of 
the  analysis  of  Saussure.  Were  we  to  suppose  the  above 
result  correct,  starch  sugar  would  differ  from  common  sugar 
by  containing  one  atom  of  carbon  less  than  it  does. 

Saussurc's  analysis  of  sugar  of  grapes  approaches  very 
nearly  to  the  preceding  analysis.  He  found  the  composition 
of  sugar  of  grapes  as  follows : 

Oxygen 56*51 

Carbon 36*71 

Hydrogen 6*78 

100*00 

This  species  of  sugar  melts  at  the  temperature  of  boiling 
water ;  when  dissolved  in  water  and  sufficiently  diluted,  it 
undergoes  the  vinous  fermentations  without  its  being  neces- 
sary to  add  any  yeast.  Its  crystals  are  small  spheres,  ex- 
actly similar  to  the  crystals  of  honey.  I  believe  that  these 
spheres  are  composed  of  a  congeries  of  small  needles; 
though  it  is  not  always  easy  to  observe  this  structure. 
Botany  Bay  20.  About  a  year  ago  specimens  of  a  sweet  substance 
*"^'  were  brought  from  Botany  Bay.  They  were  snow-white, 
in  the  form  of  tears,  and  had  obviously  dropped  in  a  liquid 
state  from  some  vegetable.  I  was  informed  that  these  tears 
were  collected  in  a  plain  covered  with  wood ;  but  of  what 
species  I  could  not  learn.  Some  bushels  of  it  might  have 
been  collected.  These  tears  had  a  sweet  and  agreeable 
taste.  They  dissolved  in  much  greater  quantity  in  alcohol 
than  common  sugar,  and  when  the  alcohol  cooled  it  de- 
posited the  sugar  abundantly  in  needle-form  crystals.     Hie 
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form  of  these  crystals  approached  that  of  manna ;  but  was  Chap.  I. 
not  quite  the  same.  Nor  did  it  make  so  cooling  an  impres-  ^•■^V"^ 
sfon  on  the  tongue.  It  was  therefore  a  peculiar  species  of 
sugar;  though  ap)7roaching  much  nearer  to  manna  than 
any  of  the  preceding  species.  It  is  very  much  to  be  wished 
that  more  complete  information  could  be  obtained  respect- 
ing this  species  of  sugar,  and  that  sufficient  (juantities  of  it 
could  be  sent  over  to  this  country  to  permit  an  accurate 
set  of  experiments  on  it  to  be  made.  I  only  had  a  very  few 
grains  of  it  in  my  possession. 

21 .  M.  Braconnot  obtained  from  the  juice  of  the  agaricus  Mushroom 
volvaceus^  by  evaporation,  a  species  of  sugar,  which  differs  ^'^J^*'* 
from  every  other  hitherto  known.     It  crystallizes  in  four- 
sided   prisms   with   square  bases.      It  has  such  a  dispo- 
sition to  crystallize,  that  when  a  very  weak  aqueous  solution 

of  it  is  put  upon  the  surface  of  a  vessel  it  is  immediately 
sprinkled  with  small  acicular  crystals.  When  heated  this 
sugar  melts,  swells  and  takes  fire,  giving  out  the  odour  of 
caromel.  There  remains  a  small  quantity  of  charcoal, 
which  is  destitute  of  alkali.  Acids  do  not  deprive  this  sub- 
stance of  the  power  of  crystallizing  as  they  do  common 
sugar.  When  digested  with  nitric  acid  it  produces  abund- 
ance of  oxalic  acid ;  but  no  bitter  principle.  It  is  capable 
of  undergoing  the  vinous  fermentation.* 

22.  Manna  was  long  considered  as  a  substance  which  fell  Manna. 
from  the  heavens,    till    incontestible  experiments  demon- 
strated it  to  be  an  exudation  from  trees.     It  has  the  form 

of  oblong  globules  or  masses,  of  a  yellowish-white  colour, 
and  some  degree  of  transparency.  It  is  the  produce  of 
various  trees,  but  is  chiefly  procured  from  the  fraximis 
omvs,  a  species  of  ash,  which  grows  abundantly  in  Sicily 
and  Calabria.  It  partly  exudes  spontaneously  during  the 
summer  months,  and  is  partly  obtained  by  incisions.  The 
juice  gradually  concretes  into  a  solid  mass,  or  it  is  dried  in 
the  sun  or  in  stoves,  t 

Pure  manna  is  very  light,  and  appears  to  consist  of  a 
congeries  of  fine  capillary  crystals.  It  taste  is  sweet,  and 
it  leaves  a  nauseous  impression  on  the  tongue.  It  acts  as  a 
mild  purgative.     When  dissolved  in  water  it  may  be  ob- 

*  Ann.  de  China.  Ixxix.  278. 

t  See  Neuman's  Ciiemistry,  p.  325|  from  which  all  the  accounts  of 
jnanna  to  be  found  in  clicmical  books  have  been  copied. 
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Boo]^  IV.  ttuned  figain  unaltered  by  a  gentle  evaporation.  Alconor 
dissolves  it  when  assisted  by  heat ;  and  the  solution,  when 
set  aside^  gradually  deposits  about  |ths  of  the  manna,  in 
the  state  of  a  fine  white  light  spongy  crystalline  mass,  bear- 
ing some  resemblance  to  camphor.  This  deposite  has  an 
agreeable  sweet  taste,  and  instantly  melts  upon  the  tongue 
like  snow  in  warm  water.  This  may  be  considered  as  pure 
manna.  It  difiers  from  sugar  in  the  nature  of  its  crystalsir 
and  in  its  more  rapid  solubility.  By  evaporating  the  8olu-> 
tion,  and  setting  it  aside  repeatedly,  about  |-ths  more  of  the 
manna  is  deposited,  but  not  so  Gne  in  colour  or  taste  as 
the  first  precipitate.  By  evaporation  to  dryness,  the  re- 
maining 8th  is  obtained  in  the  state  of  a  thick  extract, 
which  cannot  easily  be  reduced  to  dryness.  This  may  be 
considered  as  consisting  chiefly  of  the  foreign  bodies  to 
which  manna  owes  its  nauseous  taste.*  Manna  differs  from 
common  sugar  in  several  remarkable  particulars.  It  dis- 
solves very  readily  and  abundantly  in  alcohol,  and  crystal- 
lizes on  cooling.  When  digested  in  nitric  acid  it  }rield» 
both  oxalic  and  saclactic  acids,  whereas  sugar  only  yields 
oxalic  acid.f  It  does  not  ferment  like  sugar,  and  of  course 
does  not  seem  capable  of  furnishing  alcohol 4  In  a  set  of 
experiments  on  the  juice  of  the  common  onion  {alium  ccepe) 
Fourcroy  and  Vauquelin  found  that  at  a  temperature,  be^ 
tween  66^  and  80°,  it  gradually  underwent  the  acetous 
fermentation  without  emitting  any  gas;  and  that  by  this 
process  a  quantity  of  uncrystallizable  sugar  which  it  con- 
tained assumed  most  of  the  properties  of  manna.  It  was 
not  precisely  the  same,  however,  with  manna,  for  it  did  not 
yield  saclactic  acid  when  treated  with  nitric  acid. 

The  common  manna  of  the  shops,  according  to  the  ex- 
periments of  Fourcroy  and  Vauquelin,  consists  of  four 
different  ingredients.  1.  Pure  manna,  which  constitutes  at 
least  f  ths  of  the  whole.  2.  A  little  common  sugar,  which 
makes  it  fermentable  to  a  small  extent.  3.  A  yellow  mat- 
ter with  a  nauseous  odour,  to  which  the  purgative  quality 
of  manna  seems  owing.  4.  A  little  mucilage  convertible 
into  saclactic  acid.  This  last  ingredient  seems  hypothetical. 
Several  substances  by  fermenting  seem  to  be  converted  into 

•  Neuman,  p.  326.  f  Proust,  Ann.  de  Chim.  Ivii.  144. 

{  Du  Puytreu  and  Thenard,  Ann.  d«  Chim.  lix.  61. 
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tnanna.    The  sugar  in  onion  juice  has  been  already  men-  chap.  L 
tioned.     Fourcroy  and  Vauquelin  found  likewise  that  fer-  ^"""V^ 
mented  melon  juice  contained  manna,  though  none  could 
be  detected  in  it  before  the  fermentation.     Manna  appears 
sometimes  to  be  formed  and  deposited  by  insects.* 

23.  The  plants  containing  sugar  are  very  numerous.  Plants  con* 
Margraff  first  pointed  out  a  method  of  separating  it  firom  ^"""I  •**- 
them.  The  plant  suspected  to  contain  it  is  reduced  to 
powder  or  pulp,  and  boiled  with  strong  alcohol.  The 
liquid  is  filtered  while  hot,  and  set  aside  in  a  close  vesseL 
In  a  few  days  the  sugar  separates  firom  the  alcohol  and  crys- 
tallizes, t 

The  following  are  the  chief  plants  from  which  it  has 
been  actually  extracted  by  chemists :  % 

The  flower  of  the  rhododendron  ponticum, 
The  sap  of  the  acer  saccharinum, 

betula  alba, 

'  asclepias  sjoriaca, 

■  heraclium  sphondilium, 

cocos  nucifera, 

■  juglans  alba, 

■  agave  Americana,  § 
'     '  fucus  saccharinus, 

ficus  carica, 

■  ceratonia  siliqua,!! 

The  juice  of  arundo  saccharifera, 

■  arundo  bambos,** 
'  zea  mays, 

The  roots  of  pastinaca  sativa,ff 

Slum  sisarum,tt 

— — beta  vulgaris  and  cicla,tt 

— — —  daucus  carota,  ff 

apium  petroselinum, 

The  bulb  of  the  allium  ccepe. 

It  is  proper  to  observe,  however,  that  from  the  daucus 

*  See  Rlaproth,  Gehi en's  Jour.  iv.  328.      f  Margraff's  Opusc.  i.  216. 

I  See  Gren's  Handbuch,  ii/ 123.  §  Margraff,  Opose.  i.  218. 

II  Klaprothy  Gehlen's  Jour.  iv.  326. 

••  Tennant's  Indian  Recreation,  ii.  288. 
f  t  Margraff,  Opusc.  i.  213. 
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Book  IV.   carota,  JVf&i'gr&ff  could  obtain  only  an  uncrystallizable  syrup* 
^''^^'^— "^  The  sugar  from  the  sap  of  the  agave  Americana  bore  a 
greater  resemblance  to  manna  than  to  sugar.  *     It  is  very 
seldom  that  sugar  exudes  spontaneously  from  vegetables ; 
Exudes       sometimes,  however,  it  does.     Tears  of  a  sweet  substance 
ouSJr?"*"    were  observed  upon  the  ceratonia  siliqua,  or  locust  tree, 
some  time  ago  in  Naples.     These  tears  were  examined  by 
Klaproth,  and  found  to  be  sugar  mixed  with  a  little  tannin 
and   oxalate  of  potash.f      Tlic  inspissated  juice  of    the 
bamboo  {anindo  bambos)  is  known  in  India  by  the  name  of 
sacar  nambu ;  a  term  which  is  supposed  to  be  the  origin  of 
our  word  sitgar^  and  constitutes  a  species  of  sugar  cele- 
brated as  a  medicine.     How  far  it  agrees  with  common 
sugar  has  not  been  ascertained. 

Small  crystals  of  sugar  are  found  occasionally  in  the 
flower  of  the  rhododendron  ponticum.  I  have  received 
some  of  these  crystals  from  my  friend  Dr.  Charles  Mac- 
kenzie, but  too  small  in  quantity  to  admit  of  a  rigid  exami- 
nation. They  have  no  regular  shape;  but  in  other  respects 
seem  to  agree  with  common  sugar  in  their  properties.  The 
same  sugar  has  been  noticed  by  Fourcroy,  Vauquelin,  and 
Bosc.J 

The  list  of  the  saccharine  plants  would  be  greatly  ex- 
tended were  we  to  add  all  sweet-tasted  fruits,  such  as  grapes, 
&c.  which  obviously  contain  sugar,  and  some  of  the  mush- 
room tribe,  from  which  Humboldt  affirms  he  extracted  it.$ 
Uicf.  24.  Sugar  has  now  become  an  essential  part  of  the  food 

of  Europeans.  It  contains  perhaps  a  greater  proportion 
of  nourishment  than  any  other  vegetable  substance  in  the 
same  bulk.  It  has  the  advantage  of  most  other  articles  of 
food,  in  not  being  liable  to  be  injured  by  time  nor  by  the 
weather.  If  we  believe  Dr.  Rush,  the  plentiful  use  of  it  is 
one  of  the  best  preventatives  of  the  diseases  occasioned  by 
worms.  It  has  been  long  supposed  to  have  a  tendency  to 
injure  the  teeth ;  but  this  prejudice  is  now  given  up.     It 

♦  MargraiF,  i.  241.  t  Gehlen's  Jour.  iv.  327. 

\  Ann.  de  Chim.  Ixiii.  102. 

S  The  reader  will  find  a  much  fuller  list  than  I  ha?e  given  in  John's 
Tabellen,  p.  11.  I  have  not  ventured  to  make  use  of  his  moteria]s>  be- 
cause I  have  no  means  of  determining  the  particular  species  of  sugar 
which  each  vegetable  contains. 
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SECT.  m. 

OF  SAACOCOA^i:,. 

t 

This  substance  has  hitherto  been  confounded  with  tJUe 
gum  resins,  though  its  properties  are  ver^  diiFerent  It  is 
supposed  to  be  the  produce  of  the  perupa  mucronata;  a 
shrub  which  is  said  by  botanipal  writers  to  be  indigenous 
in  the  north-easterp  parts  of  Africa.*  Npthinj^precj^e  is 
known  concerning  the  way  in  ivhidi  it  exudes. 

SarcocoU  comes  to  thip  country  fto©  jPf^%  Twlb^f^a  State, 
ai:^!  lo^ifb  Mid  is  M^uMly  sct'd  in  the  state  of  oblong  glo- 
bules, fi:om.the  size  of  f»  fiea  tp  that  of  a  particle  jof  maC 
Its  colour  is  usually  yellow;  aod  it  has  the  semitransparency 
and  much  of  the  appearance ^f  gum  mabic.  Bot'Soibe.df 
the  grains  are  reddiHh4>rown.  Its  .smell  is  j]teoo^»r|igid 
not  unlike  that  of  ^nise  seed.  When  carefully  cexfiioiip^ 
four  different  substanoes  may  jbe  detected :  The  first,  and 
by  far  4he  most  abundant,  is  pure  sarcocoU:  'Tbe'seooad 
consists  of  smaU  woody  .fibres,  and  a  soft  yellowish-^vribke 
substance,  not  unlike  the  cofvering  of  tiie  seeds  of  some  ^ 
the  cruciform  plants :  The  third  is  a  peddish-brawn  wkh' 
stance  apparently  earthy :  A-ad  the  fourth  is  ofifly  delected 
when  the  sarcocoU  is  dissolved  in  water  or  a}cQbp(li-  I|t  tj;)^ 
appears  in  soft  transparent  tremulous  masses  like  jelly. 

The  pure  sarcocoll  amounts  to  0*8  of  the  whde.  When 
the  sarcocoll  is  dissolved  in  alcohol  or  water,  and  obtained 
again  by  evaporation,  it  loses  its  smell.  It  then  assumes 
the  fopm  of  semitran&parent  brittle-brown  cakes  very  like 
gum.    its  specific  gravity  is  l-^igs^.t 

This  substance  has  a  sweet  taste,  but  leaves  an  impression  Propcitiet. 
of  bitterness.     In  thej^po^ith  it  dissolves  like  guip. 

It  is  almost  iSquffUy  .^Juble  in  water  an4  aJqQbql^  |^ 

«  Dioaoorides  infomis  as  that  sarcocoU  exudes  •from  a  tree  which  ^wf 
in  Persia,  and  nothing  fi^rtber  respecting  it  is  knoarn  at  ftssenC. 
f  Brissoo. 
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Book  IV.   solution  is  yellow.    The  watery  solation  has  the  appearmiice 
of  mucilage,  and  may  be  used  for  the  same  purpoaes. 

Cannot  be  made  to  crystallize.  When  heated  softens, 
but  does  not  melt.  It  emits  a  slight  smell  of  caromeL 
When  strongly  heated,  it  hlaAens,  and  assumes  the  con- 
sistence of  tar,  emitting  a  white  heavy  smoke  having  an 
acrid  odour.  In  a  strong  fire  it  scarcely  leaves  any  resi- 
duum. 

To  determine  the  properties  of  sarcocoll  more  in  detaily 
I  dissolved  50  grains  of  it  in  five  ounce  measures  of  water. 
The  solution  had  a  light  brown  colour,  and  tasted  very  like 
a  decoction  of  liquorice.  It  did  not  feel  in  the  least  gluti- 
nous, and  could  not  be  used  like  gum  to  paste  pieces  of 
paper  together,  or  to  stiffen  linen. 

The  effects  of  reagents  on  it  are  as  follows : 

Infusion  of  nutgalls A  slight  precipitate. 

r  A  copious  light-yellow  preci- 
Tlncture  of  nutgalls <      pitate.       Liquor    becomes 

L     colourless. 

Gallic  acid No  change. 

Hydrocyanate  of  potash  ..     No  change. 

Wfric  amd  /  ^  ^^^  precipitate  and  some 

j^itncaaa -^     effervescence. 

Sulphuric  acid Becomes  dark  coloured. 

Potash  Becomes  green. 

Carbonate  of  ammonia. .  • .     Becomes  green. 

Lime  water Becomes  green. 

Strontian  water. Becomes  green. 

SHcated  potash /Bw^esgreen.    Noprecipi- 

Oxalate  of  ammonia Becomes  slightly  opal. 

Sulphate  of  alumina No  change. 

Muriate  of  magnesia No  change. 

r  Colour  becomes  darker  and 

Sulphate  of  iron V     J"f  ^^^  ^^^^'    4  P^^; 

*^  J     tate  falls  after  an  mterval  of 

(     some  hours. 

Nitrate  of  lead No  change. 

Acetate  of  lead Becomes  milky. 

Subacetate  of  lead A  copious  white  precipitate. 

Corrosive  sublimate No  change. 

Nitrate  of  silver No  change. 
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Sulphate  of  zinc No  change.  Chap.  I. 

Sulphate  of  copper No  change.  ^*"V*^ 

Muriate  of  gold A  slight  precipitate. 

The  most  remarkable  property  pointed  out  by  this  table 
is  tliat  of  being  precipitated  by  tannin.  This  distinguishes 
sarcocoll  from  gum  and  mucilage. 

Liquorice  seems  to  approach  in  its  nature  to  sarcocolL  Liquorioe. 
This  substance  is  obtained  from  the  root  of  the  glydrfuxa 
glabra  ;  a  plant  cultivated  in  the  south  of  Europe,  and  even 
in  Britain.  The  roots  are  long,  slender,  and  fibrous,  of  a 
yellow-colour,  and  when  fresh  very  juicy.  The  juice  of 
these  roots  is  expressed  and  inspissated  by  boiling.  The 
substance  thus  obtained  is  liquorice  or  black  sugar.  It  comes 
to  this  country  from  Spain  in  cylindrical  rolls  covered  with 
bay  leaves.  It  is  afterwards  purified  by  a  subsequent  pro- 
cess, and  sold  in  small  cyb'nders  about  the  size  of  a  goose 
quill,  under  the  name  of  refined  liquorice.  It  is  of  a  fine 
black  colour  and  glossy.  It  is  brittle,  and  its  fracture  is 
glassy. 

Besides  the  sweet  matter  of  liquorice,  there  is  present  in 
it  about  a  third  part  of  mucilaginous  matter,*  and  even 
some  charcoal.  When  dissolved  in  nitric  acid,  a  quantity 
of  tannin  is  formed,  owing  probably  to  this  charcoal ;  for 
neither  the  saccharine  or  gummy  substances  yield  this  sub* 
stance  to  nitric  acid.t  When  treated  with  sulphuric  acid, 
it  leaves  a  quantity  of  charcoal,  amounting  to  -^th  of  its 
weight.  During  the  treatment  of  this  substance  with 
sulphuric  acid,  no  tannin  was  evolved  in  Mr.  Hatchetf  s 
experiments.^  We  are  indebted  to  Robiquet  for  an  inte- 
resting analysis  of  liquorice.§  The  saccharine  matter 
which  it  contains  approaches  very  closely  to  sarcocoll.  It 
has  a  brown  colour,  does  not  crystallize^  is  sparingly  solu- 
ble in  cold,  but  very  soluble  in  hot  water.  It  dissolves 
readily  in  alcohol  and  does  not  appear  susceptible  of  fer« 
mentation. 

*  Nemnaiiy  p.  425.  f  Hatchett,  ibid. 

}  Third  Series  of  Experiments  oo  Artifidal  TanniD,  Phil.  Trans.  1806. 

^  Ann.  de  Chim.  Ixxii.  148. 
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Book  IV.  SECT.  IV. 

OF  GUM. 

There  is  a  thick  transparent  tasteless  fluid  which  some* 
times  exudes  from  certain  species  of  trees.  It  is  very  adhe- 
sive,  and  gradually  hardens  without  losing  its  transpareiu^; 
but  easily  softens  again  when  moistened  with  water.  Tbjs 
jexudation  is  known  by  the  name  of  gum.  The  gum  most 
commonly  used  is  that  which  exudes  from  different  speciei 
of  the  mimosoj  particularly  the  mloiica.*  It  is  known  by 
the  name  ofgtim  arable  Gum  likewise  exudes  abundantly 
from  the  pj-wnis  aviunif  or  common  black  cherry  tree  of  this 
country. 

l^peities.  Gum  is  usually  obtained  in  small  pieces  likje  tears,  mode- 
rately hard*  and  somewhat  brittle  while  cold,  so  that  it  can 
be  reduced  by  pounding  to  a  fine  powder.  When  pure  it 
is  colourless,  but  it  has  commonly  a  yellowish  tinge,  and  U 
is  not  destitute  of  lustre.  It  has  no  smell.  Its  taste  is 
insipid.  Its  specific  gravity  varies  from  r3161  to  l"4fS17. 
1.  Gum  undergoes  no  change  from  being  exposed  to  the 
atmosphere ;  but  the  light  of  the  sun  mdces  it  assume  a 
white  colour.     Water  dissolves  it  in  large  quandtics.     The 

Mucilage,  solution,  which  is  known  by  the  name  of  mudlage^A  is 
thick  and  adhesive :  it  is  often  used  as  a  paste,  and  to  give 
stiffiiess  and  lustre  to  linen.  When  spread  out  thin  it  soon 
dries,  and  has  the  appearance  of  a  varnish;  but  it  readily 

•  Schousbae,  Phil.  M^g.  v.  241. 

t  Hermbstadt  uses  this  word  in  a  drfTerent  sense.  He  makes  a  ^Ks- 
4inction  between  gam  and  mucilage.  The  solution  of  gum  in  .water  is 
transparent  and  glutinous,  and  can  bo  drawn  out  into  thieads ;  wjbcfms 
that  of  mucilage  is  opaque,  does  not  feel  glutinous,  but  slippery^  luvl 
cannot  be  drawn  into  threads.  Gum  may  be  separated -fium  mucilaae 
by  the  following  process  : 

Let  the  gum,  which  is  supposed  to  be  mixed  with  mucilage,  pieviotislT 
reduced  to  a  dry  mass,  be  dissolved  in  as  small  a  quantity  of  water  as  pee- 
sible,  and  into  the  solution  drop  at  intervals  diluted  sulphuric  acid.  The 
mucilage  coagulates,  while  the  gum  remains  dissolved.  When  no  more 
coagulation  takes  place,  let  the  mixture  renmin  at  rest  for  some  time, 
and  the  mucilage  will  precipitate  to  the  bottom,  and  assume  tiie  con- 
sistence of  jelly.  Decant  off  the  liquid  part,  and  evaporate  the  muci- 
lage to  dryness  by  a  gentle  heat  till  it  acquires  the  consistence  of  horn, 
ftled.  and  Phys.  Jour.  iiL  370. 
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attracts  moisture,  and  becomes  glutinous.  Water  washes  Cbap.  I. 
it  away  entirely.  When  mucilage  is  evaporated  the  gum  ^-^v**^ 
is  obtained  unaltered.  This  mucilaginous  solution  may  be 
kept  for  years  without  undergoing  putrefaction.  Scarcely 
asiy  TegetaUe  substance  is  less  liable  to  decomposition.  At 
last,  bowerer,  the  odour  of  acetic  acid  becomes  perceptible 
in  it. 

When  gum  is  exposed  to  heat  it  softens  and  s^^elk^  bat 
it  does  not  melt ;  it  emits  air  bubbles,  biac^ens,  and  at  la^ 
when  nearly  reduced  to  charcoal,  it  emits  a  low  blue  flame. 
This  flame  appears  sooner  if  a  flaming  substance  be  held 
just  above  the  gum.  After  the  gum  is  consumed^  there 
remains  a  small  quantity  of  white  ashes,  composed  chiefly 
of  the  carbonates  of  lime  and  potash. 

2.  It  does  not  appear  that  g;um  is  acted  upon  by  oxygen 
gas.  A  solution  of  gum  in  water,  when  exposed  to  the  ait, 
soon  becomes  mouldy  on  the  surface,  but  undergoes  no 
farther  change  for  a  long  time.  The  action  of  the  simple 
combustibles  on  gum  has  scarcely  been  examined.  Azotic 
gas  seems  to  have  no  action  whatever. 

Ghim  does  not  act  upon  metals ;  but  it  has  the  property  Action  of 
of  combining  with  several  of  the  metallic  oxides,  and  form-  ^^*'^ 
ing  compounds ;  at  least  some  of  the  metallic  salts  occasion 
precipitates  when  dropped  into  solutk>tis  of  gom.  Thd 
most  curious  efiect  is  that  pn3duc€d  by  the  permuriate  of 
iron.  When  this  salt,  concentrated,  is  dropped  into  a  very 
strong  mucilage,  the  whole  becomes  a  brown  semitrans- 
parent  jelly,  which  is  not  readily  dissolved  by  water. 
When  dried,  the  jelly  becomes  lifter  coloured,  and  as- 
sumes nearly  the  appearance  of  gum.  Its  taste  is  that  of 
gum  mixed  with  iron. 

The  following  table  exhibits  the  efi*ectsof  dtfierent  metal«- 
lie  salts  on  the  solution  of  gam  in  water,  as  far  as  my  exp^ 
riments  go.  The  mucilage  I  used  was  composed  of  eight 
parts  of  water  to  one  part  of  gum.  It  was  transparent  and 
quite  fluid,  though  a  little  thready. 
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Book  IV. 


SAX.INE  SOLUTIONS. 

EFFECTS. 

1.  Muriate  of  gold 

No  change. 

2.  Nitrate  of  silver 

No  precipitate  nor  change. 

S.  Corrosive  sublimate 

4.  Supersulph.  of  mercury 

5.  Nitrate  of  mercury 

6.  Prussiate  of  mercury 

No  change. 

No  change. 

A  white  coagulum:  it  dis- 
appears by  agitation,  but 
returns  when  the  solution 
is  much  diluted. 

Becomes  slightly  opal,  but 
no  precipitate. 

7.  Nitrate  of  copper 

8.  Sulphate  of  copper 

9.  Muriate  of  copper 

10.  Cuprate  of  ammonia 

No  change. 
No  change. 
Nochan^;  yet  the  muriate 

is  precipitated  by  water. 
No  change. 

1 1 .  Sulphate  of  iron 

12.  Pennuriate  of  iron 

13.  Pemitrate  of  iron 

No  change. 

Little  change  except  the 
mucilage  be  more  con- 
centrated. 

No  change. 

14.  Muriate  of  tin 

15.  Permuriate  of  tin 

16.  Smoking  liquor  of  Li- 

bavius 

No  change. 
No  change.* 
No  change. 

17-  Nitrate  of  lead 

18.  Subacetate  of  lead 

19.  Acetate  of  lead 

20.  Sulphate  of  zinc 

21.  Nitrate  of  zinc 

No  change. 

A  copious  coagulum. 

No  change. 

No  change. 

No  change. 

22.  Muriate  of  arsenic 

23.  Oxide  of  arsenic 

No  change. 
No  change. 

24.  Tartar  emetic 

Becomes   yellow,     but    no 
precipitate. 

•  When  the  permunate  is  approaching  the  gelatinous  state,  a  flaky 
precipitate  appears;  but  the  same  precipitate  is  occasioned  by  pura 
water. 


GUM. 


8AT.IKE  SOLUTIONS. 

EFFECTS. 

25.  Nitrate  of  bismuth 

No  precipitate ;  vet  the  salt 
is   precipitated  by  pure 
water. 

These  phenomena  indicate  an  afiinity  between  gum  and 
the  peroxides  of  mercury  and  iron.  Copper,  andmony, 
and  bismuth,  seem  also  to  be  acted  on  by  it;  for  it  pre- 
vents water  from  precipitating  them  in  the  state  of  subsalts. 

My  experiments  on  the  action  of  the  alkalies  and  earths  Action  of 
on  mucilage  of  the  strength  indicated  above,  are  contained  ^J^  ■"* 
in  the  following  table : 


SOLUTIONS. 

EFFECTS. 

Potash 

No  precipitate. 

Ammonia 

No  precipitate. 

Lime  water 

No  precipitate. 

Barytes  water 

No  precipitate. 

Strontian  water 

No  precipitate. 

Alum 

No  precipitate. 

Sulphate  of  magnesia 
Silicated  potash 

No  precipitate. 

A  white  flaky  precipitate^  though 
very  much  dilutea.    Tlie  liquid 

remains  transparent. 

Aluminated  potash 

No  precipitate. 

From  this  table  it  appears  that  silica  alone  forms  with 
gum  an  insoluble  precipitate.  It  is  by  fieur  the  most  delicate 
test  of  gum  which  I  have  yet  met  with.  , 

Liquid  potash  first  converts  gum  into  a  substance  not 
unlike  curd,  and  then  dissolves  it  The  solution  is  of  a 
light  amber  colour,  and  transparent  When  long  kept, 
the  gum  again  falls  in  the  state  of  curd.  Alcohol  throws 
down  the  gum  in  white  flakes  still  soluble  in  water;  but  it 
retains  the  potash  obstinately,  and  is  much  more  friable 
than  before.  Lime  water  and  ammonia  likewise  dissolve 
gum,  and  it  may  be  afterwards  separated  little*altered. 

Charcoal  powder,  when  mixed  with  a  solution  of  gum  in  OfchardML 
water,  gives  a  black  colour,  which  cannot  be  removed  by 
filtration,  unless  a  very  great  proportion  of  the  powder  be 
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Book  IV.  added.  In  that  case  the  water  passes  clear ;  but  the  whole^ 
of  the  gum  is  retained  by  the  charcoal.  Mr.  Lowitz  found, 
that  not  less  than  30  lbs.  of  charcoal  powder  must  be- mixed 
with  water  containing  an  ounce  of  gum  dissolved  in  it  before 
the  water  is  entirely  deprived  of  the  gum.* 
Of  acids.  The  vegetable  acids  dissolve  gum  without  alteration-;  the 
strong  acids  decompose  it 

"V^eA  {hrowh  into  sulphuric  acid  i(  brackens,  and  soon 
is  riesolved  into-  other  substances.  The  cliarcoal  formed^ 
accor(£ng  to  Ha:tchett's  experiments,  amounts  to  0*29,  .and 
some  traces  of  artificial  tatftiin  may  also  be  detected^f 
Water  and  acetic  acid  are  said  likewise  to  be  formed.l 

When  gum  rs  dissolved  in  strong  mm*iatic  acid,  a  brown 
solution  is  obtained,  which  becomes  perfectly  transparent 
when  diluted  with  water,  while  at  the  same  time  somei 
charry  mattef  falls.  If  the  solution  be  nOw  saturated  witb 
ammonia,  evaporated  to  dryness,  and  the  residue  digested 
'  in  alcohol,  the  alcohol  Assumes  8  deep  brown  colour,  and 
dissolves  the  whole  exce^  a  very  lidtle  sal-ammoniac.  Tke 
gum  now  bears  some  reseinblaiice  to  sugar  inr  its  profjertieB; 
at  least  when  heated  it  meha^  and  gives  out  it  very  strol^ 
smell  of  caromel. 

Chlorine  converts  gum  hito  citric  tfcid,  according  16  the 
etperimehts  of  Vauquelin.  lie  passed  a  current  of  chlorine 
gas  through  a  diluted  solution  of  gum  in  water.  In  a  few 
days  almost  the  whole  of  the  gum  was  acidified ;  and  he 
detected  citric  acid  by  the  formation  of  supercitrate  of  lime, 
soluble  in  water,  and  decomposable  by  oxalic  acid.§  If 
Mtricf  tfcid  be  sKghtly  heated  apoti  gum  till  it  has  dissolved 
iU  ttiid  till  a  little  nitrous  gas  is  exhaled,  the  sdntron  on 
cooling  deposits  saclactic  acid. '  Malic  acM  is  formed  at  the 
same  time  j^ind  if  the  heat  be  continued,  the  gum  is  at 
lait  chifliigted  into  oxalic  acid.  Thus  no  less  than  three  acids 
are  developed  by  the  actiott  of  nitric  acid  on  guiti.  ||  We 
ate  indebted  to  Rif .  Cruikshanks  for  the  ntost  praise  c*- 

*  Creirs  Annals,  ii.  167>  £ng.  Trans. 

t  Third  Series  of  Experiments  on  Artificial  Tannin,  Phil.  Trans.  1806. 
J  Fourcroy,  vii   197.  £ngl.  Trans. 

*^  Ann.  de  Chim.  vi.  178.    These  pfG)>erties  alone  were  not  sufficient 
fo  prove  the  presence  of  eitric  acid,  sinc^  malic  acid  posse^s^d  thetn  botb. 
It  Fovacroy,  tii.  148. 


perimefits  on  the  qumrtity  of  oxaiie  ttcid  obtevhfaMe  from  chap.  T. 
gum  by  nitric  acid.  By  digesting  4-80  grains  of  it  with  six  ^'— v"*^ 
ounces  of  nitric  acid,  he  obtained  ?10  grains  of  oxalic  acid 
and  six  grains  of  oxalate  of  lime.*  No  artificial  tannin  m 
formed  during  this  process.t  According  to  the  experiments 
of  Fourcroy  and  Vauquelin,  the  quantity  of  saclactic  acid 
yielded  by  gum,  when  treated  with  nitric  aekl,  varies  from 
0-14  to  0-264 

Gum  is  insoluble  in  alcohoL  When  alcoh<d  is  poured  Of  Alcohol, 
into  mucilage,  the  gum  immediately  precipitates ;  because 
the  affinity  between  water  and  alcohol  is  greater  than  that 
betweeO' water  and  gum.  The  gum  in  this  case  is  in  the 
state  of  soft  opaque  white  flakes.  Neither  is  gum  soluble  in 
ether.  It  is  not  soluble  in  oils;  but  when  triturated  with  a 
little  oil  it  renders  the  oil  miscible  with  water. 

The  action  of  the  hydfosulphurets,  sulphurets,  phosphu- 
rets,  and  of  most  of  the  salts  on  gum,  has  not  been  exa- 
mined with  any  attention. 

Gum  and  sugar  readily  unite  together  by  dissoWing  both  Combinef 
in  water.  By  gentle  evaporation  a  perfectly  transparent  ^"'^  *^^^* 
solid  substance  is  obtained,  which  does  not  crystallise. 
When  treated  with  alcohol  it  becomes  white,,  opaque^  and 
soft.  The  greater  part  of  the  sugar  is  dissolved,  and  the 
gum  remains  united  to  a  small  portion.  It  has  a  sweetish 
taste,  and  very  much  resembles  in  appearance  the  substance 
of  which  the  nests  of  wasps  are  formed. 

3.  When  gum  is  ^sUlled  in  a  retort,  the  products  are  Destractive 
water  impregnated  with  a  considerable  quantity  of  pyromu-  distilUtion. 
cous  acid  or  acetic  acid  combined  with  oil,  a  little  empyreu- 
matic  oil,  carbonic  acid  gas,  and  carbureted  hydrogen  gas. 
When  the  pyromucous  acid  obtained  by  this  process  is  sa- 
turated with  lime,  a  quantity  of  ammonia  is  disengaged, 
with  whkh  tfaftt  acid  had  been  combined.  The  charcotf 
which  remained  in  the  retort  leaves  behind  it,  after  inci« 
neration,  a  little  lime  and  phosphate  of  lime.  Mr.  Cruick* 
shanks,  to  whom  we  are  indebted  for  these  facts,  gradually 
heated  480  grains  of  gum  arable  to  redness  in  a  coated  glass 
retort.     The  products  were, 

*  RoUo  on  Diabetes,  p.  459. 

f  Hatcbett,  Additional  Experiments  on  Artificial  Tannin,  t'bil.  Traoi. 
1805. 
J  Fonrcroy,  vii.  199.  Engl.  Trans. 
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Pyromucous  acid  mixed  with  some  oil  .  • .  •  2 10  gr. 

Charcoal 96 

Lime  and  a  little  phosphate  of  lime    10 

Carbureted  hydrogen  and  carbonic  add  gas  164r 

480 

The  pyromncous  acid  liquid  contained  less  than  what 
was  obtained  from  an  equal  weight  of  sugar  in  the  propor- 
tion of  118  to  ]  50.  The  gases  consisted  of  93  ounce  met- 
sures  of  carbonic  acid  and  180  of  carbureted  hydrogen,  com- 
posed of  5  parts  charcoal  to  1  of  hydrogen.  When  the 
pyromucous  acid  was  saturated  with  lime^  ammonia  Waa  dis- 
engaged* 

From  the  experiments  of  Vauquelin,  it  appears  that  gum 
also  contains  traces  of  iron.  *A  hundred  parts  c^gum  araUc 
left  after  incineration  three  parts  of  white  ashes.  These  were 
composed  chiefly  of  carbonate  of  lime ;  but  contained  also 
some  phosphate  of  lime  and  iron,  without  any  traces  of  an 
alkali  or  of  sulphur.  He  conjectures,  that  in  the  gam  the 
lime  is  usually  combined  with  acetic  acid,  and  periiaps 
sometimes  with  malic  acid.'f* 
Composi-  It  is  only  of  late  that  any  notions  approaching  to  preci- 
sion respecting  the  composition  of  gum  have  been  acquired. 
Gay-Lussac  and  Thenard  analysed  it,  by  burning  it  along 
with  chlorate  of  potash,  and  found  it  composed  of^ 

Oxygen  •  • .  •  50*84 
Carbon  ....  42-23 
Hydrogen   ..     6'93 

100-00:1: 

Berzelius  analysed  it  by  a  process  of  the  same  kind  but 
somewhat  modified.     He  found  its  constituents  as  follows ; 

Oxygen  ....  51*806 
Carbon  ....  41*906 
Hydrogen  . .     6*788 


bOD 


100*000  § 


•  Rollo  on  Diabetes,  p.  462.  f  Ann.  de  Chim.  Uv.  8,^2. 

X  Recherches  Physico-chimiques,  ii.  290. 
S  .Annals  of  Phik)sophy^  v.  ^70. 
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To  determine  the  eqaivalent  number  for  the  weight  of  Chap.  I. 
an  atom  of  gmn,  Berzelius  mixed  caustic  ammonia  with  a 
boiling  solution  of  gum,  and  then  mixed  the  liquid  with  a, 
solution  of  subnitrate  of  lead,  likewise  boiling  hot.  A  pre- 
cipitate fell,  which  when  washed  and  dried  was  a  compound 
of  gum  and  oxide  of  lead.  Its  constituents  according  to 
the  analysis  of  Berzelius  were^ 

Gum 61-75    ..,.   100 

Oxide  of  lead S8'25    ....     62*105 


100-00 


If  we  suppose  this  compound  to  consist  of  an  atom  of  gam 
united  to  an  atom  of  oxide  of  lead,  the  weight  of  an  atom 
of  gum  will  be  22*54<2.  But  if  the  gummate  contain  6 
atoms  of  gum  united  to  1  atom  of  oxide  of  lead,  (which  may 
be  the  case,)  then  an  atom  of  gum  will  weigh  11*271.  I 
am  rather  disposed  to  adopt  this  last  number  for  the  weight 
of  an  atom  of  gum ;  because  it  seems  to  approach  very  nearly 
to  sugar  in  its  properties,  and  seems  capable  of  being  con- 
verted into  sugar  with  great  facility  in  the  processes  of  vege- 
tation. On  that  account  it  seems  likely  that  the  composi- 
tion of  gum  and  sugar  do  not  differ  very  much  from  each 
other.  But  if  the  weight  of  an  atom  of  gum  be  11*2509 
(which  differs  materially  from  the  preceding  number)  its 
composition  as  indicated  by  the  preceding  analysis  must  be 
as  follows : 

Six  atoms  oxygen  . . . .  =  6  ....  53*33 
Six  atoms  carbon  • . . .  =  4*5  ....  40*00 
Six  atoms  hydrogen  . .  =  0-75    ....     6-67 

11*25  100*00 

Sugar  then  it  would  seem  differs  from  gum  merely  in 
containing  an  atom  of  water  less.  Hence  an  atom  of  sugar 
+  an  atom  of  water  constitute  an  atom  of  gum. 

4.  The  species  of  gum  at  present  known  are  considerable  Speciei. 

in  number ;  and  it  is  likely  that  a  more  rigid  examination 

of  the  vegetable  kingdom  will  discover  a  greater  number. 

The  most  remarkable  are  gtim  arahicy  gum  Senegal^  gum 

kuteera. 

•  Annals  of  Philosophy,  v.  870. 
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Boot  IT.  0am  urabic  exades  from  the  mm6sa  fdloticoj  md  OC&er 
species  of  mimosa.  If  is  the  species  described  in  Ae  pre- 
ceding part  of  this  section. 

S0  Oum  Senegal,  brought  from  die  island  of  that  name 
in  the  coast  of  Africa,  commonly  suppKes  the  place  o€  gam 
arable  in  the  shops,  and  is  the  sort  chiefly  employed  by  the 
calico-printers.     It  is  generaHy  in  kiger  masses  than  die 
arable,  and  its  colour  is  darker,*  but  in  other  respects  its 
properties  are  the  same,  excepting  that  it  does  not  go  so  &r 
in  thickening  water  as  gum  arabic 
Gotn  ko-         6.  Gum  kuteera  is  the  produce  of  the  sterculia  urens,f  a 
^^^'^        tree  which  grows  in  Indostan ;  and  having  a  considaTable 
vcsemblance  to  gum  tragacanth,  great  quantities  were  inr 
ported  into  this  country,  but  did  not  answer  as  a  subatitots. 
The  only  account  of  this  gum  with  which  I  am  acquainted 
was  given  by  Mr.  Cowie,  in  cme  of  the  volumes  of  the 
Society  of  Arts.f    It  is  in  loose  wrinkled  drops  or  pieoe^ 
without  smell  or  taste^  and  mostly  transparent.    In  water 
it  slowly  forms  a  pulp  or  jelly  like  gum  tragacanth ;  but  if 
pounded  well  in  a  mortar,  and  then  boiled  in  water  fer  M^ 
teen  minutes  with  constant  i^tation,  it  is  completely  dis- 
solved.    A  tea  spoonful  of  its  powder  gives  to  water  the 
consistence  of  capillaire.    In  India  it  enters  into  die  coas- 
position  of  some  varnishes ;  it  is  need  in  calico-printing^  and 
is  one  of  the  ingredients  of  a  fiunous  medicine  fiw  horses 
among  them.§ 
FUnu  con-     7.  It  has  been  remarked  by  Mr.  Barrow,  and  probably  also 
uimng  It.    by  others,  that  all  the  plants  which  yield  gum  have  an  as- 
tringent bark.  II     Almost  all  the  trees  known  to  yield  gum 
have  been  ^numerated  in  the  preceding  part  of  this  section. 
Utcfl.  8.  Gum  is  a  nutritive  food,  though  seldom  employed  for 

that  purpose,  except  when  in  the  state  of  mucilage,  and 
though  f^om  M.  Magendie's  experiments  it  does  not  seem 
capable  of  supporting  life  by  itself.  It  is  used  freqnentfy  m 
a  paste,  and  to  give  stiffness  or  lustre  to  linen.  The  caliod- 
printers  use  it  in  great  quantities  to  give  their  colours  such  a 
degree  of  consistency  as  prevents  them  from  running  upon 

*  Lewis,  Neuraan's  Cbef».  p.  883. 

+  Roxburgh,  Nicholson's  Jouraal,  xxvii.  70. 

I  See  Nicholsoirs  Jour,  vii.301.    ^  Cowie,  Nicholson's  Jour.  vii.  3(fl. 

II  Travels  i«  South  Africa. 


the  doCb.  It  forms  an  iogredient  in  irak^far  a  si»ilgr  Te»soo.   Cbap.  l 
In  medidae  k  {oom  ibe  base  of  famy  iiwtiur^,  ^^"""^^ 

III!  II I  I  Bce 

SECT.  V. 

OF  MUCUS. 

The  substances  to  which  I  give  the  name  of  mucus  have 
been  hitherto  considered  as  varieties  of  gum.  But  the  ex- 
periments on  them  by  Dr.  Bostock  have  shown  that  their 
properties  differ  so  much  from  those  of  gum^  as  to  entitle 
them  to  a  separate  place  as  peculiar  vegetable  piundpjcs. 
They  are  extremely  numerous  exisdng  in  the  roots,  leaves, 
and  seeds  of  a  great  variety  of  plants*  They  seldom  or 
never  separate  spontaneously^  but  mpy  be  obtained  artifi- 
cially in  a  state  of  tolerable  purity.  Only  a  few  species  have 
been  hitherto  examined,  so  that  we  are  uncertain  how  far 
their  properties  agree,  and  only  indude  them  all  under  one 
head  fr<mi  analogy. 

Linseed  yields  one  of  the  purest.  Dr.  Bostock  obtained  Linseed 
it  by  infusing  the  seeds  in  ten  times  their  weight  of  water.  "***cus. 
A  fluid  is  obtwied  of  the  consistence  of  the  white  of  aneg^ 
which  has  the  adhesive  qualities  of  mucilage  of  gum  arable. 
Its  taste  and  appearance  resemble  those  of  that  liquid. 
When  mixed  with  alcohol  the  mucus  is  predpitated  in  white 
flocks,  but  the  liquid  does  not  become  opaque  and  milky 
like  mucilage  of  gum  arable  when  mixed  with  alcohol. 
Acetate  of  lead  throws  down  a  copious  dense  precipitate. 
Super-acetate  of  lead,  and  permuriate  of  tin  render  the 
liquid  opaque,  and  also  throw  down  a  precipitate.  The 
nitrate  of  mercury  occasions  a  very  slight  precipitate;  while 
muriate  of  gold,  persulphate  of  iron,  and  silicated  potash^ 
produce  no  sensible  effect  whatever.  No  change  is  pro- 
duced by  the  Infusion  of  nutgalls.* 

From  quince  seeds,  and  the  root  of  the  hyacinth,  Dr.  other  ra- 
Bostodc  Abtaiued  solutions  of  <mucus  which  exhibit^  the  ''^^'^' 
ebove  properties  with  some  shades  of  difference.     TU0 
quince  seed  nnicus  was  coagulated  by  acids,  ami  t)3r  ai09t 

«  .Bo9!(QcV>  Jsfijcholson's  Jo^r.  xviii.  31. 
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Book  IV.  metallic  salts,  and  the  mucus  from  the  hyacinth  was  preci- 
pitated by  infusion  of  nutgalls.  These  differences  were  pro- 
bably  owing  to  foreign  bodies ;  such  as  starch,  gluten,  &c. 
with  which  the  mucus  happened  to  be  mixed  in  these  cases, 
and  from  which  we  know  no  method  of  separating  it  com* 
pletely. 

Mucus  is  contained  in  the  roots  and  leaves  of  a  vast  num- 
ber of  plants.  Almost  all  the  bulbous  roots  and  fleshy 
leaves  yield  it  For  example,  the  roots  of  the  hyadnihus 
nonscriptus  and  the  althea  officinalis;  the  leaves  of  the 
altheOf  of  the  malva  sylvestris,  of  many  of  thefud^  and  of 
the  greater  number  of  the  lichens ;  the  seeds  of  flax^  quinces^ 
fenugrec,  &c. 

The  bulbs  of  the  hyacinth  contain  so  much  mucos,  that 
when  dried  they  may  be  employed  as  a  substitute  for  gum 
arabic.  This  was  first  made  known  to  the  public  by  Mr. 
Thomas  Willis.*  He  afterwards  found  that  the  roots  of 
the  vernal  squill,  the  white  lily,  comfrey,  and  salop,  might 
be  employed  also  for  similar  purposes.f  A  mucus  may  be 
extracted  from  most  of  the  stringy  lichens,  which  likewise 
answers  all  the  purposes  of  a  solution  of  gum.  This  was 
first  ascertained  by  Georgi,  who  published  a  dissertatioo 
on  the  subject  in  the  Memoirs  of  the  Petersburgh  Academy 
for  1779.  $  His  experiments  were  repeated  and  varied  hj 
Amoreux,  who  published  the  result  of  his  trials  in  1787.  J 

Hoffman  also  found  abundance  of  gum  in  many  lichens.  | 
Lord  Dundonald  first  thought  of  applying  this  discovery  to 
practical  purposes.  During  the  last  war,  when  the  price 
of  gum  was  high,  lichens,  at  his  Lordship's  suggc^tioD, 
were  very  much  employed  as  a  substitute  by  the  calico* 
printers  in  this  country. 

The  mucilaginous  quality  of  the  fuci  is  apparently  still 
greater  than  that  of  the  lichens,  though  the  mucilage  ob- 
tained from  them  does  not  answer  so  well. 

♦  Phil.  Mag.  XV.  1803.  f  Nicholson's  Jour.  ix.  SS3. 

X  The  lichens  which  he  tried  were  the  farinaceut,  glaucus,  pkywda, 
and  pulmonarius. 

§  The  academy  of  Lyons  had  proposed  a  prize  dissertation  on  tbe  li- 
chens in  1786.  Three  memoirs  were  approved  of,  and  published  bj 
tbemin  1787,  written  respectively  by  Wiliemet,  Amoreux,  and  HofiinaB. 
The  lichens  examined  by  Amoreux,  and  found  to  yield  a  gum,  were  the 
pulmonarius,  prunasiri,  islandicuSffraxineuSy  canius,  caperatus,  Se%lufl 
Memoir,  p.  95,  ||  See  his  Memoir,  p,  93,  and  passim. 
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SECT.  VI. 

Chap.  I. 
OP  JELLY.  ^"-"V^ 

If  We  press  out  the  juice  of  ripe  blackberrieg,  currants,  Howob- 
and  many  other  fruits,  and  allow  it  to  remain  for  some  time  ^<^^* 
in  a  state  of  rest,  it  partly  coagulates  into  a  tremulous  soft 
substance,  well  known  by  the  name  oi jelly.  If  we  pour  off 
the  unooagulated  part,  and  wash  the  coagulum  with  a  small 
quantity  of  water,  we  obtain  jelly  approaching  to  a  state  of 
purity. 

In  this  state  it  is  nearly  colourless,  unless  tinged  by  the  PropcrtMt. 
peculiar  colouring  matter  of  the  fruit;  it  has  a  pleasant 
taste  and  a  tremulous  consistency.  It  is  scarcely  soluble  in 
cold  water,  but  very  soluble  in  hot  water ;  and  when  the 
solution  cools,  it  again  coagulates  into  the  form  of  a  jelly.* 
When  long  boiled,  it  loses  the  property  of  gelatinizing  by  , 

cooling,  and  becomes  analogous  to  mucilage.t  This  is  the 
reason  that  in  making  currant  jelly,  or  any  other  jelly,  wh«i 
the  quantity  of  sugar  added  is  not  sufficient  to  absorb  all 
the  watery  parts  of  the  fruit,  and  consequently  it  is  neces- 
sary to  concentrate  the  liquid  by  long  boiling,  the  mixture 
often  loses  the  property  of  coagulating,  and  the  jelly  of 
course  is  spoiled.:]: 

Jelly  combines  readily  with  alkalies;  nitric  acid  converts 
it  into  oxalic  acid,  without  separating  any  azotic  gas.  $  When 
dried  it  becomes  transparent.  ||  When  distilled  it  affords  a 
great  deal  of  pyromucous  acid,  a  small  quantity  of  oil,  and 
scarcely  any  ammonia.** 

Jelly  exists  in  all  acid  fruits,  as  oranges,  lemons,  goose- 
berries, &c.  If  the  juices  of  these  fruits  be  allowed  to  gela« 
tinize,  and  then  poured  upon  a  searce,  the  acid  gradually 
filters  through,  and  leaves  the  other;  which  may  be  washed 
with  a  little  cold  water,  and  allowed  to  dry.  Its  bulk  gra- 
dually diminishes,  and  it  concretes  into  a  hard  transparent 
brittle  mass,  which  possesses  most  of  the  properties  of  guin. 
Perhaps,  then,  jelly  is  merely  gum  combined  with  vegetable 
acid. 


*  Vauquelin,  Ann.  de  Chim.  vi.  289.  t  Ibid.  v.  100. 

:  Ibid.  V.  10.  ^  Ibid.  vi.  389.  {  Ibid.  v.  100. 

••  Ibid.vi.  98e. 


4S  niGS£Dicam  oi  flasts. 

SECT.  VH. 

Wmotf.        Thi6  fobrtaicewwfinl  nocked  Bil8M,bfElfl|in^ 

fimnd  it  m  ft  spontflBcoctt  exndalkm  fron  tbe  elai.*'     Itw 
Bocioed  IB  1810  bjr  Bemlias  in  \m  eaqieriiucnte  4m  tk 
bark  cf  Ae  pine^  and  oo  JeROls  betLf    On  the  teadi  «f 
Deormber,  1812,  a  set  of  c^wrancitfs  on  tbe 
from  die  elm,  which  had  been  examined  br  Klaprachy 
read  to  the  Royal  Society.    These  eiqperiments 
by  Mr.  Smithson,  wdl  known  fiy  his  precision.t    Xwe  er 
three  days  before  the  teeth  of  December,  I  had  printed  ia 
the  first  munber  of  die  .Anmak  of  PUtostfhfj  a  wtt  of 
perimenis  on  an  exudation  from  the  common 
had  been  collected  at  Plymouth  by  Mr.  ConlsoB.f    The 
result  of  my  experiments  correiponded  Tery  nearly  mik 
those  of  Mr.  Smithson ;  and  showed  diat  the  extraonfinvy 
|Hx>perties  of  nlmin,  annomoed  by  Klaproth,  £d  aotbe> 
long  to  it.     I  afterwaxds  examined  varieties  of  nbuni  fion 
the  oak,  the  hornbeam,  and  the  horse-chesnnt ;  and  wai 
so  fortunate  as  to  reoeiTe  a  specimen  from  Dr.  Leach  in  • 
atateof  purity,  p 

From  tbe  observations  of  Berzelius  it  appears  tiiat  nlmia 
forms  a  constituent  of  the  bark  of  almost  aU  tress,  if  tbe 
•bark  be  first  digested  in  aloAol,  and  afterwards  in  ooM 
water,  we  may  obtain  the  uknin  neaHy  pure,  by  d^ascmg 
the  bark  thus  treated  in  hot-water,  hoMii^  some  carbonait 
of  potash  in  solution.**  The  properties  of  nhnin  are  as 
follows. 

Properties.       1.  Its  colour  is  dark  brown  or  almost  black.     It  has 
scarcely  any  taste  or  smell. 

9.  It  dissolves  slowly,  and  only  in  small  ijnantily,  in 

water  and  in  alcohol.     The  solution  is  pale  brown  and 

tasteless.     Hardly  any  mefidline  salt  precipitates  the  aqne- 

'  ous  solution  of  ulmin,  except  pemitrate  of  mercury  and 

acetate  of  lead,  both  of  which  cause  brown  flocks  to  fidl 

•  Gehlen*ft  Joar.  iv.  399.  f  Afbandliiigary  iii.  347. 

%  Phil.  Traos.  1813,  p.  64.  k  Ammlft  of  Philos»ophv,  i.  85. 

II  Annab  of  Plakisophy,  iL  11, 395,  396. 

••  Ibid.  ii.  314. 


ULttlN.  <9 

down.    The  alcohol  solution  is  precipitated  dark  brown  by   Ch^Tt* 
sulphate  of  iron  and  sulphate  of  copper. 

3.  When  a  weak  solution  of  carbonate  of  potash  is 
poured  upon  ulmin  a  dark  brown  solution  is  immediately 
effected.  TThe  ulmin  as  it  exudes  from  the  elm  is  almost 
always  combined  with  a  quantity  of  carbonate  of  potash. 
Hence  the  reason  that  it  dissolves  so  readily  in  water. 

This  solution  (supposing  the  carbonate  of  potash  to 
amount  to  -^th  of  the  weight  of  the  ulmin)  has  a  dark  brown 
colour,  it  is  not  in  the  least  mucilaginous  or  ropy,  and 
cannot,  like  the  solution  of  gum  in  water,  be  employed  to 
paste  pieces  of  paper  tc^ther.  It  is  not  precipitated  by 
gelatine,  tincture  of  nut-galls,  or  hydrocyanate  of  potash. 
Sulphate  of  iron  occasions  a  copious  precipitate,  which  in 
some  cases  is  brown,  and  in  some  cases  green.  Nitric  add 
occasions  a  reddish-brown  precipitate  by  saturating  the 
potash  which  held  the  ulmin  in  solution.  Alcohol  occasions 
no  precipitate.  But  all  the  acids  precipitate  the  ulmin. 
When  thus  obtained  it  is  buff-coloured,  and  after  being 
dried  is  not  sensibly  soluble  either  in  water  or  alcohol. 

4.  Ulmin  when  heated  swells  and  catches  fire ;  but  does 
not  melt.  The  smell  which  is  given  out  has  not  the  least 
resemblance  to  that  of  caromel. 

Ulmin  seems  hitherto  to  have  been  confounded  with  ex^ 
tractive  by  chemists.  In  many  cases  it  has  passed  for  tannin. 


SECTi  vm. 

Ot  COLOURINe  MATTERS. 

The  colouring  principles  of  vegetables  are  so  numerous 
and  so  various  in  their  properties  that  they  will  hereafter 
fill  a  very  extensive  department  of  vegetable  chemistry. 
But  hitherto  so  few  of  them  have  been  obtained  in  a  sepa^ 
rate  state  and  subjected  to  a  chemical  examination,  that  it 
would  be  in  vain  to  attempt  a  particular  description  of  each. 
I  shall  therefore  merely  notice  thp  following,  which  have 
been  honoured  with  a  more  particular  investigation  of  their 
properties. 

VOL.  IV.  E 
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Book  IV.  I.  POLTCHROITE. 


This  substance  constitates  the  colouring  matter  cf  aroats 
sativus  or  scLfrtm,  and  is  the  substance  which  Hermbstaedt 
announced  as  pure  extractive.  Its  properties  were  invet- 
tigated  in  1811,  by  Bouillon  Lagrange  and  Vogel,*'  who 
gave  it  the  napie  of  polychroite  on  account  of  the  differait 
colours  which  it  is  capdi>le  of  assuming. 
Hdwob-  To  obtam  polychroite,  form  an  infiision  of  safiron  in 
^'^^^  water,  evaporate  the  infiisicm  to  the  consistency  of  honeji 
digest  the  residue  in  alcohol  of  the  specific  gravity  0*800^ 
filter  the  solution  and  evaporate  to  dryness.  The  dry  mass 
is  polychroite  in  a  state  of  purity.  It  possesses  tihe  Al- 
lowing properties, 
fvopertkt.  Its  colour  is  intensely  yellow.  When  exposed  to  die 
air  it  absorbs  moisture  and  becomes  a  viscid  liquid*  It  ii 
very  soluble  in  water  and  in  alcohoL  But  insoluble  or 
scarcely  soluble  in  sulphuric  ether. 

When  the  aqueous  solution  is  exposed  to  the  rays  of  the 
sun  it  becomes  colourless,  and  the  yellow  colour  cannot  be 
again  restored.  Hence  it  spears  that  the  polychroite  is 
destroyed,  or  at  least  its  nature  altered  by  the  aclioD  of 
the  solar  ray. 

When  sulphuric  acid  is  dropped  into  the  aqueous  sofai* 
tion  of  polychroite  the  liquid  assumes  a  deep  indigo-bloe 
colour,  which  gradually  becomes  lilac.  The  same  change 
is  produced  by  sulphuric  acid  on  the  alcoholic  solution. 

Nitric  acid  causes  these  liquids  to  assume  a  green  colour. 
The  addition  of  a  little  water  causes  these  colours  to  dis- 
appear, and  when  the  proportion  of  acid  is  increased^  other 
shades  make  their  appearance. 

Chlorine  destroys  the  colour  of  these  liquids  altogether. 

Sulphate  of  iron  throws  down  a  dark  brovim  precipitate, 
lime-water  a  yellow  precipitate,  barytes  water  a  red  pre- 
cipitate. Subacetate  of  lead  throws  down  a  safron  coloured 
precipitate.  Acetate  of  lead  produces  no  effect ;  but  nitrate 
of  mercury  throws  down  a  red  powder. 

Polychroite  is  insoluble  in  oils. 

When  this  colouring  matter  is  distilled    there  comes 

*  Ann.  de  Cbim.  Ixxi.  188. 
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over  an  acid  water,  and  an  oil  of  a  lemon-yellow  colour,   Chap.  I. 
which  is  succeeded  by  an  oil  of  a  darker  colour,  and  al-  ^"""v^*^ 
most  brown.    At  the  same  time  carbonic  acid  and  car- 
bureted hydrogen  gases  are  disengaged.     Wlien  the  char- 
coal that  remains  is  calcined  with  potash  a  portion  of  hy- 
drocyanic acid  is  formed. 

II.    HEMATIN. 

This  substance  constitutes  the  colouring  matter  of  the 
fuBmatoxyUm  campechianum  or  logwood  so  universally  known 
as  a  dye  stuff.  Its  properties  were  investigated  by  Chev- 
reul  in  1812,  who  first  recognised  it  as  a  peculiar  sub- 
stance, and  gave  it  the  name  prefixed  to  this  article.* 

Hematin  may  be  obtained  by  the  following  process.  Howob- 
Digest  for  several  hours  logwood  in  powder  in  water  of  the  **"*"• 
temperature  125°.  Filter  the  liquid,  evaporate  it  to  dry- 
ness, and  digest  the  residue  for  a  whole  day  in  alcohol  of 
the  specific  gravity  0'837.  Filter  the  alcohol,  concentrate 
it  by  evaporation,  then  add  a  little  water,  evaporate  a  little 
farther,  and  leave  it  to  itself.  Crystals  of  hematin  are  de- 
l^osited  in  abundance.  These,  when  washed  with  alcohol 
and  dried,  may  be  considered  as  hematin  in  a  state  of 
purity. 

Hematin  thus  prepared  is  in  small  brilliant  crystals,  of  Properties. 
a  reddish-white  colour,  and  a  slightly  astringent,  bitter, 
and  acrid  taste. 

Boiling  water  dissolves  it  with  fiicility,  and  acquires  an 
orange-red  colour ;  which  becomes  yellow  when  the  -Hquid 
cools;  but  heat  again  restores  the  original  colour.  When 
this  liquid  is  evaporated  the  hematin  crystallizes.  The 
addition  of  an  acid  renders  it  first  yellow  and  then  red. 
Sulphurous  acid  however  gradually  destroys  the  colouring 
matter  altogether  if  it  be  left  long  enough  in  contact  with 
it.  Potash,  soda,  and  ammonia,  give  it  a  purplish-red 
colour,  and  when  a  great  excess  of  these  alkalies  is  added 
the  colour  becomes  violet-blue ;  tjien  reddish-brown,  and 
at  last  yellowish-brown.  The  hematin  is  then  decomposed 
as  its  colour  cannot  be  again  restored  by  the  addition  of 
acids.  Barytes,  strontian,  and  lime-water  produce  the 
same  efiects :  only  they  gradually  precipitate  heipatin  firooi 
its  solution. 

*  Ann  de  Chim.  hiui.  138. 
»  2 
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lov  coloor,  wfajcfa  diftsqipcan  in  the  eoane  of  a 

Tbe  cflodo  of  lead,  tin,  iroo,  copper,  nickd, 

■MDj,  and  biflDiitli,  unite  with  hcnwdn,  andgi 

coloor  vidi  a  fhade  of  rialeL    The  peroxide 

opoo  it  as  die  mineral  adds  do.    Geladne  throws  it  doai 

io  reddisfa  fkwV* 

Bcwles  these  colouring  matters  there  are 
such  as  madder^  saJUmrer^  Uimusj  that  would 
ticnkr  description.  Bat  as  these  sohatances  haie  aot  jet 
been  analysed,  and  their  cdooring  ingredient  ^^^Mtf^  ii 
a  sepanOe  state,  I  think  it  better  to  defer  the  accoiit  rf 
them  to  the  ensosing  diapter.  Indigo,  whid 
soflkiently  examined  to  asoertsin  its  pecoliar 
seems  entitled  firom  its  great  inqpcvtuce  to  rank  aa  a  pe- 
coliar TegetaUe  princ^le. 


SECT.  n. 

OF  BITTEa  PRINCIPLES. 

PImu  con-  Many  vegetable  substances  have  an  intensely  bitter  tsste^ 
^"^^^^and  on  that  account  are  employed  in  medicine;  by 
sipie.  brewers,  &c.  This  is  the  case  with  tbe  wood  of  the  ^aossis 
amara  and  excelsoj  the  common  quassia  of  the  diope;  with 
the  roots  of  the  gentiana  bitea,  common  gentian;  the  leaves 
of  tbe  humulus  lupilus  or  hop  ;  the  bark  and  wood  of  the 
spartium  scoparium  or  common  broom;  tbe  flowers  and 
leaves  of  the  anthemis  nobilis  or  chamomile;  and  many  odier 
substances.  These  bodies  owe  their  bitter  taste  to  ^  pre- 
sence of  peculiar  vegetable  substances  differing  from  every 
other,  which  may  be  distinguished  by  the  name  of  Utter 
principles. 

Of  late  years  several  of  these  peculiar  substances  have 
been  examined  and  characterized;  and  doubtless  there  are 
others  with  which  we  are  not  yet  acquainted.  I  shall  give 
an  account  in  this  section  of  the  different  bitter  tasted 
getable  substances  that  appear  to  possess  distinct 
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nd  to  d^fer  from  each  other  by  well  characterized  pro-    ^^^P*  '• 
perdes.  ▼ 

I.  Quassin,  or  Bitter  Principle  of  Quassiiu 

I.  When  water  is  digested  over  quassia  for  some  timey  it  Experi- 
icquireaan  intensely  l3itter  taste  and  a  yellow  colour,  bnt  JJ^JSiSum 
no  smell.     When  water  thus  impregnated  is  ^aporated  to  of  quassia. 
dryness  in  a  low  heat,  it  leaves  a  brownish  yellow  sub- 
stance, which  retains  a  certain  de^ee  of  transparency.     It 
MDtinute  ductile  for  some  time,  but  at  last  becomes  brittle. 
This  substance  I  shall  consider  as  quassia  in  a  state  of  pu- 
rity.    If  it  contain  any  foreign  body,  it  must  be  in  a  very 
nintite  projfKntion.     This  substance  I  find  to  possess  the 
following  properties : 

1.  Its  taste  is  intensely  bitter.    Colour  broWnish-yellow. 

2.  When  heated,  softens,  and  swells,  and  blackens;  then 
tiums  away  without  flaming  much,  and  leaves  a  small  quan- 
\ity  of  adies. 

S.  Very  soluble  in  water  and  alcohol. 

4.  Does  not  alter  the  colour  of  infusion  of  litmus. 

5.  Lime-water,  barjrtes-water,  and  strontian-water,  oc- 
casion no  precipitate.  Neither  is  any  precipitate  thrown 
iown  by  silicated  potash,  aluminated  potash,  or  snlphatd 
d(  magnesia. 

6.  The  alkalies  occasion  no  change  in  the  diluted  solu^^ 
don  of  the  bitter  principle. 

7.  Oxalate  of  ammonia  occasions  no  precipitate. 

8.  Nitrate  of  silver  renders  the  solution  muddy,  and  a 
very  soft  flaky  yellow  precipitate  falls  slowly  to  the  bottom. 

9.  Neither  cotrosive  sublimate  nor  nitrate  of  mercury 
occasion  any  precipitate. 

10.  Nitrate  of  copper,  and  the  ammoniacal  soludoti  of 
Dopper,  produce  no  change ;  but  muriate  of  copper  gives 
the  white  precipitate,  which  falls  when  this  liquid  salt  is 
dropped  into  water. 

1 1.  Sulphate  and  permuriate  of  iron  occasion  no  change. 

12.  Muriate  of  tin  renders  the  solution  muddy,  but  oc- 
casions no  precipitate,  unless  the  solution  be  concentrated ; 
in  that  case  a  copious  precipitate  fitlls. 

13.  Acetate  of  lead  occasions  a  very  odious  white  preci- 
pitate ;  but  the  nitrate  of  lead  produces  no  change. 

14.  Muriate  of  zinc  occasions  no  change. 
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Book  IV.       15.  Nitrate,  of  bismuth  produces  no  change^  though  when 
*^**v-^  the  salt  is  dropped  into  pure  water  a  copious  white  preci- 
pitate appears. 

16.  Tartar  emetic  produces  no  change;  but  when  the 
muriate  of  antimony  is  used,  the  white  precipitate  ssppem, 
which  always  fidls  when  this  salt  is  dropped  iiito^  pare 
water. 

17.  Muriate  and  arseniate  of  cobalt  occanon  no  change. 

18.  Arseniate  of  potash  produces  no  effect 

19.  Tincture  of  nutgalls,  infusion  of  nutgalls,  gallic  acid, 
occasion  no  effect. 

These  properties  are  sufficient  to  convince  ua  tiiat  llie 
bitter  principle  is  a  substance  difiering  considerably  firom 
all  the  other  vegetable  principles.  The  little  e£fect  cf  the 
different  reagants  is  remarkable.  Nitrate  of  silver  and  ace- 
tate of  lead  are  the  only  two  bodies  which  throw  it  down. 
This  precipitation  cannot  be  ascribed  to  the  preseooe  of 
muriatic  acid  ;  for  if  muriatic  acid  were  present,  nitrate  of 
lead  would  also  be  thrown  down.  Besides,  the  flakes  pro- 
duced by  nitrate  of  silver  are  too  light,  and  indeed  have  no 
resemblance  whatever  to  muriate  of  silver.  The  precipi- 
tate by  acetate  of  lead  is  very  copious.  This  salt  is  there- 
fore the  best  substance  for  detecting  the  presence  of  the 
bitter  principle,  when  we  arc  certain  tliat  no  other  substance 
is  present  which  throws  down  lead. 
Esistf  in  Vauquelin  has  lately  examined  the  bitter  principle  in  the 
plants.  ^^^^^  ^^  ^®  colocynth  (cucumis  coloq/nthisjy  and  in  the  root 
of  the  briony  (brionia  alba),  two  vegetable  bodies  which 
have  been  employed  in  medicine,  and  possess  strong  le- 
thargic powers.  The  bitter  principle  in  these  substances, 
as  far  as  his  experiments  went^  possesses  exactly  the  proper- 
ties of  the  bitter  principle  of  quassia.*  It  is  probable  also 
that  hops,  gentian,  and  brocnn,  contain  the  same  bitter 
principle. 

When  alcohol  is  digested  for  some  months  upon  wheat 
flour,  and  then  distilled,  it  leaves  a  yellowish  brown  sub- 
stance behind  it,  which  possesses  (as  far  as  I  have  examined 
it)  all  the  properties  of  the  bitter  principle  of  quassia. 

^  Vauquelin,  Essals  Analytiques  des  Racincs  d'EUebore  d'Hiver  et  de 
}3rioDe.    Ann.  de  Mus.  dliist.  Ni^t.  No.  xliii.  91. 
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II.  Picrotaxm,  or  bitter  Principle  of  Cocadus  Indicus.       ^Chap,!. 

This  is  the  substance  to  which  the  cocculus  indicus,  the 
fruit  of  the  memspermum  cocculus  owes  its  ddetereous  qua- 
fides.  Its  nature  and  properties  were  investigated  by 
BouUay  in  1811.*  He  bestowed  upon  it  the  name  of  pi- 
crotoxin,  from  its  bitter  taste  and  its  poisonous  nature,  f 

Picrotoxin  may  be  obtained  by  the  following  process:  How ob- 
Boil  the  berries  in  a  sufficient  quantity  of  water.  Filter  ^' 
the  decoction,  and  add  to  it  acetate  of  lead  as  long  as  any 
precipitate  fidls.  Filter  the  liquid  a  second  time,  and  eva- 
porate it  with  caution  to  the  consistence  of  an  extract.  Dig* 
solve  this  extract  in  alcohol  of  the  spedfic  gravity  0*817. 
Evaporate  this  liquid  to  dryness.  These  alternate  solutions 
and  evaporations  in  water  and  alcohdi  must  be  repeated  till 
the  dry  rasidue  is  oompletdy  soluble  both  in  water  and  al- 
cohol. It  is  now  picrotoxin  united  with  a  yellow  colour- 
ing matter.  Agitate  it  with  a  small  quantity  of  water. 
That  liquid  dissolves  the  colouring  matter,  which  is  very 
soluble  and  occasions  the  separation  of  a  great  number  of 
small  crystals  which  constitute  picrotoxin  nearly  pure. 
Wash  them  with  a  little  water  and  then  with  alcohol.  Pi- 
crotoxin thus  prepared  possesses  the  following  properties. 

Its  colour  is  white.     Its  crystals  have  the  figure  of  four-  Prepertiet* 
sided  prisms.    It  is  intensely  bitter. 

It  is  soluble  in  ^5  times  its  weight  a(  water  and  no  rea- 
gent is  capable  of  precipitating  it  from  this  solution.  Al- 
cohol of  die  specific  gravity  0*810  dissolves  one  third  of  its 
weight  of  it  Sulphuric  ether  of  the  specific  gravity  0*7 
dissolves  two  fifths  of  its  weight  of  it.  It  is  insoluble  in 
oils. 

Concentrated  sulphuric  acid  dissolves  it;  but  when  that 
add  is  diluted  with  water  it  has  no  action  on  it.  Nitric 
add  dissolves  it  and  converts  it  into  oxalic  acid.  It  dis- 
solves readily  in  acetic  acid,  and  is  precipitated  from  the 
solution  by  carbonate  of  potash.  Neither  muriatic  add, 
sulphurous  acid,  nor  chlorine  dissolve  it. 

A  solution  of  potash  or  soda  in  ten  times  its  weight  of 
water  dissolves  it.     When  triturated  with  potash  it  emits 

*  Ann.  de  Chim.  Ixxx.  S09. 

t  From  vtxpo(«  kitter^  9od1»iau»,  p<n$on. 
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Book  IV.  no  smell  of  ammonia..    It  bums  without  melting.     .When 
^'^^'V^^  swallowed  it  intoxicates  and  acts  as  a  poison.  ' 

III.     Scillitirij  or  Bitter  Principle  of  Squills. 

This  is  the  peculiar  substance  to  which  the  bulb  of  the 
scUla  mariiimoy  or  squill,  owes  its  medicini^  qualities.     Its 
properties  were  investigated  by  Vogd  in  1812,  who  pointed 
out  its  peculiar  nature,  and  gave  it  the  name  by  which  it  is 
How  Ob-     distinguished.  *  It  may  be  obtained  by  the  following  pro^Mb 
^  The  juice  of  the  bulbs  being  expressed  was  boiled  for  a  few 

minutes,  and  a  quantity  of  citrate  of  lime  which  appe^re4 
was  separated.  It  was  then  evaporated  to  dryness^  and  |he 
dry  residue  digested  in  alcohol  as  long  as  that  liquid  took 
up  any  thing.  The  alcoholic  solution  was  evaporated  to 
dryness,  and  the  residue  (which  consisted  of  sciUitin  tad 
tannin)  was  redissolved  in  water.  Acetate  of  lead  WM 
dropped  in  to  throw  down  the  tannin.  Tha  Uquid  vai 
filtered,  and  the  excess  of  lead  which  had  been  added  WM 
separated  by  means  of  a  current  of  sulphureted  hydrogga 
gas.  The  liquid  being  again  filtered,  was  evapocalad  ta 
dryness  to  drive  off  the  acetic  acid  from  the  aoeta;te.  The 
dry  mass  was  scillitin,  mixed  with  a  little  sugar,  fipom  which 
it  was  not  in  Vogel's  power  to  separate  it. 
Propeitiei.  Scillitin  thus  obtained  is  white  and  transpasen^  and 
breaks  with  a  resinous  fracture.  It  was  easily  rednoed  to 
powder.  It  absorbs  water  rapidly  fi'om  the  atmoqihere^ 
and  becomes  at  first  a  viscid  mass,  and  at  last  quita  fluid* 
Its  taste  is  intensely  bitter,  leaving  a  slight  impcession  of 
sweet  from  the  sugar  with  which  it  is  mixed.  It  disaolvci 
readily  in  water,  and  gives  it  a  mucilagenous  oonaistenqr 
like  glim.  It  dissolves  likewise  very  readily  in  cold  alcohol 
of  0*817,  and  still  more  readily  in  that  liquid  while  hot. 
When  heated,  it  swells  prodigiously,  and  gives  out  a  dis- 
tinct odour  of  caromel.  When  treated  with  nitric  acid  no 
saclactic  acid  is  formed. 

IV.     CaffetTij  or  Bitter  Principle  of  Coffee. 

This  species  is  distinguished  from  the  preceding  by  the 
property  which  it  has  of  striking  a  green  colour  with  iron, 
and  of  precipitating  that  metal  from  concentrated  solutions. 

*  Ann.  do  Chim.  lumiii.  147. 
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Mr.  Cbenevix  sqMurated  a  portion  of  it  from  coffee  by  the  Chap.  i. 
fi^ilowiilg  process:  he  digested  unburrit  coffee  in  water,  ^"^v*""^ 
and  filtered  the  liquid.    It  was  then  treated  with  mnriate  of  ^^^^ 
tin.     The  precipitate  was  edulcorated,  mixed  with  water, 
and  treated  with  sulphureted  hydrogen  gas.    The  tin  was 
thus  precipitated,  and  the  substance  with  which  it  had  been 
ombined  was  dissolved  by  the  water.    The  liquid  was  thra 
CT^porated  to  dryness.    The  substance  thus  obtained  pos- 
assed  the  following  properties : 
'  1.  Semitransparent  like  horn,  and  of  a  yellow  colour.       Properties, 
2.  When  exposed  to  the  air,  it  does  not  attract  moisture. 
&•  Soluble  in  water  and  in  alcohol.     The  solution  in 
^Ater  is  semitranapar^it,  and  has  a  pleasant  bitter  taste. 
"Whoi  the  alkaline  solutions  are  dropped  into  it,  the  colour 
hecoipes  garnet-red. 

4.  It  is  not  precipitated  fit>m  water  by  the  alkaline  car- 
bonates. Sulphuric  acid  renders  the  solution  brown,  but 
produces  no  further  change.  Neither  muriatic  acid,  nor 
phosphoric  acid,  nor  the  vegetable  acids,  produce  any 
change  on  this  solution. 

5.  The  muriates  of  gold,  platinum,  and  copper,  occasion 
no  change. 

6.  With  solutions  of  iron  it  forms  a  fine  green-coloured 
Kquid ;  and  when  concentrated,  iron  throws  down  a  green- 
coloured  precipitate.  Indeed  it  is  almost  as  delicate  a  test 
of  iron  as  tan  and  gallic  acid. 

7.  Muriate  of  tin  throws  down  a  copious  yellow  precipi- 
tate. This  precipitate,  and  that  by  iron,  are  soluble  in  all 
acids,  but  they  lose  their  colour. 

8.  Neither  lime  nor  strontian  water  occasion  any  precipi- 
tate in  the  aqueous  solutions  of  this  substance;  but  barytes 
water  occasions  a  brown  precipitate. 

9.  Gelatine  occasions  no  precipitate.* 

From  the  experiments  of  Boillon  la  Gi*ange^  it  appears 
that  a  substance  similar  to  this  species  of  bitter  principle 
exists  in  the  flowers  of  the  arnica  moniana.f  There  is 
reason  for  believing  that  the  bitter  principle  which  charac-' 
terizes  the  following  plants  belongs  also  to  this  species; 
absintluum  vulgare  (worm-wood),  juniperus  sabinus  (sabine), 

•  PlnL  Mag.  1809,  May,  p.  350.  f  Ann.  de  Chim.  Ir.  36 
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Book  IV.  ruia  graveolens  (rue),  anthemis  nobilis  (chamomile),  achiHea 
^^■"V^  millefolium  (milfoil). 

V.     Daphnin^  or  Biiter  Principle  of  Daphne  Alpina. 

Pieptra-         This  species  was  obtained  by  Vauqudin  from  the  bark  tf 
**^^  daphne  alpina.     The  bark  was  digested  in  alcohol,  and  die 

liquid  was  concentrated  till  the  resin  separated.  The  res- 
dual  liquid,  being  diluted  with  water  and  filtered^  wv 
mixed  with  acetate  of  lead.  A  copious  yellow  precipitate 
falls.  This  precipitate  being  separated  by  the  filter,  is 
diluted  with  water,  and  is  treated  with  sulphureted  hydMh 
gen  gas  to  get  rid  of  the  lead.  Being  filtered  and  wffid- 
ently  concentrated,  the  daphnin  separated  in  small  traas- 
Piroperties.  parent  crystals.  ^It  is  hard,  has  a  greyish  colour,  and  a 
very  bitter  taste.  When  heated,  it  evaporates  rapidly  in 
sharp  vapours.  It  is  sparingly  soluble  in  cold  water,  much 
more  soluble  in  boiling  water,  and  separates  in  crystals  as 
the  solution  cools.  Its  solution  is  not  precipitated  by 
acetate  of  lead.  When  heated  in  a  retort,  it  melts,  blackens, 
and  emits  an  acid.* 

VI.    Arttfiaal  Bitter  Principle. 

HJsiofy.  This  species  has  been  formed  by  the  action  of  nitric  add 

on  various  vegetable  and  animal  substances.  It  was  first 
obtained  by  Haussman  while  examining  indigo,  bat  he 
mistook  its  nature.  Welther  afterwards  formed  it  by 
digesting  silk  in  nitric  acid,  ascertained  its  f^operties,  and 
gave  it  the  name  o(  yellow  bitter  principle  ;  f  he  is  therefine 
to  be  considered  as  the  real  discoverer.  Bartholdi  after- 
wards procured  it  by  treating  the  white  willow  with  nitric 
acid.:):  Mr.  Hatchett  obtained  it  during  his  experiments 
on  artificial  tannin,  by  treating  indigo  with  nitric  acid ;  § 
and  about  the  same  time  Fourcroy  and  Vauquelki  procured 
it  by  the  same  means,  and  examined  its  properties  in  detail.  || 
M.  Ghevreul  is  of  opinion  that  it  is  a  compound  of  nitric 
acid  and  a  peculiar  vegetable  substance,  probably  of  an  oily 
nature.**    It  possesses  the  following  properties : 

•  Ann.de  Chim.  Ixxxiv.  174.  t  Ibid.xxix.  301. 

J  Ibid,  xxxii.  187.  §  Phil.  Trans.  1805. 

II  Phil.  Mag.  xxiii.  355.  **  Ann.  de  Cbim,  Ixxii.  lift. 
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Its  colour  is  a  deep  yellow,  its  taste  intensely  bitter.  It  Cbap.  i. 
is  soluble  both  in  water  and  alcohol,  and  has  the  property  ^^-^ v^ 
of  dyeing  silk,  woollen  cloth,  and  cotton,  of  a  durable  ^*'****' 
yellow  cdour.  It  crystallizes  in  elongated  plates,  and  pos* 
sesses  many  of  the  characters  of  an  acid,  combining  readily 
with  alkaline  substances,  and  forming  crystallizaUe  salts. 
When  potash  is  dropped  into  a  concentrated  solution  of  it, 
small  yellow  prismatic  crystals  are  gradually  deposited, 
oonnsting  of  bitter  principle  combined  with  potash.  These 
crystals  were  examined  by  Welther,  but  it  was  Fourcroy 
axid  Vauquelin  that  ascertained  their  composition.  They 
have  a  bitter  taste,  are  not  altered  by  exposure  to  the  air, 
are  less  soluble  than  pure  bitter  principle.  When  thrown 
upon  hot  charcoal  they  burn  like  gunpowder,  and  detonate 
▼ery  loudly  when  struck  upon  an  anvil,  emitting  a  purple 
light*  Ammonia  dropped  into  the  solution  of  bitter  prin- 
ciple deepens  its  colour,  and  occasions  a  copious  deposition 
of  fine  yellow  spicular  crystals.  These  are  a  combination 
of  bitter  principle  and  ammonia.f  It  combines  likewise 
with  the  alkaline  earths  and  with  metallic  oxides,  as  has 
been  shown  by  the  experiments  of  Chevreul. 

VII.  Artificial  Tannin. 

This  itself  may  be  considered  as  approaching  the  bitter 
principle  in  many  of  its  properties.  Its  taste  is  always  in- 
tensely bitter,  and  the  colour  of  the  precipitates  which  it 
throws  down  from  the  metals  is  similar  to  what  takes  place 
when  artificial  bitter  principle  is  present.  It  is  indeed  possi- 
ble that  the  bitter  taste  may  be  owing  not  to  the  tannin,  but 
to  a  portion  of  artificial  bitter  principle  which  may  be  always 
formed  along  with  the  tannin ;  but  this  has  not  been  ascer^ 
tained*  It  is  well  known  that  the  bitter  taste  very  easily  over- 
powers and  conceals  all  other  tastes. 


SECT.  X. 

OP  NICOTIN. 

This  substance  exists  in  the  leaves  of  the  nicotiana  lati' 
foUa^  or  tobacco,  and  gives  that  plant  its  peculiar  properties. 

^  Weltber,  Fourcroy,  and  Vauquelin. 
t  Hatchett,  Phil.  Trans.  1805. 
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Bpok  IV.  It  was  obtained  in  1809  by  M.  Vauquelin,  to  whom  we  are 
^^-'V— ^  indebted  for  all  the  facts  respecting  it  yet  known.*     It  may 
be  obtained  from  the  juice  of  tobacco  leayes  by  the  follow* 
process. 
Prepara*         Evaporate  the  juice  to  one-finirth  of  its  volome,  and  allow 
tion.  i^  ^Q  ^^^^     j^  quantity  of  malate  of  lime  will  be  deposited 

under  the  form  of  a  gritty  powder.  Separate  this  matter, 
and  continue  to  concentrate  the  liquid  as  long  as  any  saline 
matter  can  be  obtained  from  it.  When  it  is  so  much  in- 
spissated that  nothing  farther  can  fall,  digest  it  in  alcohol, 
which  will  take  up  the  unccmibined  malic  and  acetic  acids 
that  it  contains,  the  nicotin  and  a  portion  of  sal  ammoniac* 
Distil  the  alcohol  off  in  a  retort,  and  concentrate  the  resi- 
dual matter  nearly  to  dryness,  taking  care  not  to  injure  it 
by  the  application  of  too  much  heat.  Dissolve  it  a  second 
time  in  more  concentrated  alcohol,  in  order  to  separate  a 
portion  of  animal  matter  which  had  been  dissolved  in  the 
first  alcohol  solution  in  consequence  of  the  water  present. 
Distil  off  this  second  portion  of  alcohol.  Dissolve  the 
residue  in  water,  saturate  the  acetic  and  malic  acids  with 
potash ;  and  distil  the  water  off  to  dryness.  This  water, 
though  colourless^  contains  in  solution  a  quantity  of  nicotin. 
By  dissolving  the  residual  matter  in  water,  and  distilling  a 
second  time,  an  additional  quantity  of  nicotin  may  be  ob- 
tained. And  by  repeating  tilis  process,  a  sufficient  numbe!!^ 
of  times,  the  whole  of  the  nicotin  may  be  obtained  in  solu- 
tion in  water.  By  a  very  cautious  evaporation,  the  watef 
may  be  driven  ofi^  and  the  nicotin  obtained  in  a  state  of 
purity, 
Froperties.  This  substance  is  colourless.  It  has  an  acrid  taste,  and 
the  peculiar  smell  which  distinguishes  tobacco.  It  occa- 
sions violent  sneezing. 

It  is  soluble  in  water  and  in  alcohol.  Both  solutions 
are  colourless,  and  distinguished  by  the  peculiar  taste  and 
smell  of  nicotin. 

It  is  precipitated  from  its  solutions  by  tincture  of  nutgalls. 
It  is  volatile,  and  possesses  poisonous  qualities.  And  ac- 
cording to  Vauquelin  approaches  the  volatile  oils  in  its  pro- 
perties. 


*  Ann.  de  Chim.  Ixxi.  139. 
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SECT.  XI.  Chap.  I. 

OF  EXTRACTIVE. 

The  word  extract  was  at  first  applied  to  all  those  sub-  History, 
stances  which  were  extracted  from  plants  by  means  of  water, 
and  which  remained  behind  in  the  state  of  a  dry  mass  when 
the  water  was  evaporated;  consequently  it  included  gum, 
jelly,  and  several  other  bodies.  But  of  late  it  has  been 
confined  by  many^to  a  substance  which  is  supposed  to  exist 
in  many  plants,  and  which  may  be  obtained  tolerably  pure 
from  the  bark  of  the  cinchona  officinalis  according  to  the 
experiments  of  Schrader.  But  as  the  word  extract  occurs 
even  in  modem  authors  in  its  original  sense,  I  shall  rather 
denote  this  substance  by  the  phrase  extractive  principle^  to 
prevent  ambiguity. 

The  difficulty  of  obtaining  the  extractive  principle  in  a  Uncertain* 
separate  state,  and  the&cility  with  which  it  alters  its  nature,  ^'' 
have  hitherto  prevented  chemists  from  examining  it  with 
that  attention  to  which  it  is  entitled.     It  was  first  particu- 
larly attended  to  by  Rouelle ;  but  it  is  to  Fourcroy  and 
Vauquelin  that  we  are  chiefly  indebted  for  ascertaining  its 
characters^     The  dissertation  of  Vauquelin  in  the  Journal 
de  Pharmacie,  is  by  far  the  best  account  of  extractive  matter 
which  has  hitherto  appeared.     Many  valuable  facts  and 
curious  observations  were  published  by  Schrader  in  his  dis- 
sertations on  extractive.*     But  unfortunately  the  term  has 
not  been  always  taken  by  chemists  in  the  same  acceptation. 
Parmentier  has  for  example  published  a  dissertation  on  the 
extracts  of  v^^etables  taken  in  the  loose  and  general  sense 
of  the  word,  which  contains  much  information.f     There 
cannot  I  think  be  any  doubt  that  under  the  term  extractive, 
chemists  have  hitherto  confounded  together  a  variety  of 
different  vegetable  principles.     Some  of  these,  as  ulmiuf 
polyckroitf  &c  I  have  distinguished  by  peculiar  names,  and 
perhaps  it  would  be  wisest  to  lay  aside  the  term  extractive 
altogether.     But  in  the  present  state  of  obscurity  in  which 
this  department  of  vegetable  chemistry  continues,  I  am  un- 
willing to  withhold  the  facts  collected  in  this  section,  which 

•  Gehlen's  Jour.  Second  Series,  viii.  548,  and  Schweigger's  Jour.  i». 
139. 

f  Aim.  de  Chim,  xliii.  10. 
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Book  IV.   though  imperfect   and   proWbly  partly  inaccurate,    will 
'  yet  be  useful  to  those  who  apply  themselves  to  the  investiga- 
tion of  this  subject. 

The  extractive  principle  possesses  the  following  proper- 
ties: 
IVopenics.  1.  Soluble  in  water,  and  the  solution  is  always  coloured. 
When  the  water  is  slowly  evaporated,  the  extractive  matter 
is  obtained  in  a  solid  state  and  transparent ;  but  when  the 
evaporation  is  rapid  the  matter  is  opaque. 

2.  The-taste  of  extractive  is  always  strong ;  but  it  is  very 
different  according  to  the  plant  from  which  it  is  obtained. 

3.  Insoluble  in  absolute  alchohol  and  in  ether ;  but  so- 
luble in  alcohol  when  it  contains  water. 

4.  By  repeated  solutions  and  evaporations,  the  extractive 
matter  acquires  a  deeper  colour,  and  becomes  insoluble  in 
water.  This  change  is  considered  as  the  consequence  of 
the  absorption  of  the  oxygen  of  the  atmosphere,  for  which 
the  extractive  principle  has  a  strong  affinity.  But  if  the 
solution  be  left  to  itself,  exposed  to  the  atmosphere,  the 
extract  is  totally  destroyed  in  consequence  of  a  kind  of 
putrefaction  which  speedily  commences. 

5.  When  chlorine  is  poured  into  a  solution  containing 
extractive,  a  very  copious  dark-yellow  precipitate  is  thrown 
down,  and  the  liquid  retains  but  a  light  lemon-colour. 
These  flakes  are  considered  as  oxygenized  extractive.  It  is 
now  insoluble  in  water ;  but  hot  sJcohol  dissolves  it. 

6.  The  extractive  principle  unites  with  alumina,  and 
forms  with  it  an  insoluble  compound.  Accordingly,  if  sol- 
phatc  or  muriate  of  alumina  be  mixed  with  a  solution  of 
extractive,  a  flaky  insoluble  precipitate  appears,  at  least 
when  the  liquid  is  boiled ;  but  if  an  excess  of  acid  be  pre- 
sent, the  precipitate  does  not  always  appear. 

7.  It  is  precipitated  from  water  by  concentrated  sulphuric 
acid,  muriatic  acid,  and  probably  by  several  other  acids. 
When  the  experiment  is  made  with  sulphuric  acid,  the 
fumes  of  vinegar  generally  become  sensible. 

8.  Alkalies  readily  unite  with  extractive,  and  form  com- 
pounds which  ore  insoluble  in  water. 

9.  The  greater  number  of  metallic  oxides  form  insoluble 
compounds  with  extractive.  Hence  many  of  them,  when 
thrown  into  its  solution,  are  capable  of  separating  it  from 
water.     Hence  also  the  metallic  salts  mostly  precipitate  ez.^ 
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tractive.    Muriate  of  tin  possesses  this  property  in  an  emi-    Chap.  L 
nent  degree.     It  throws  down  a  brown  powder  perfectly 
insoluble,  composed  of  the  oxide  of  tin  and  vegetable  matter. 

10.  If  wool,  cotton,  or  thread,  be  impregnated  with  alum, 
and  then  plunged  into  a  soluticm  of  extractive,  they  are 
dyed  of  a  fawn-brown  colour,  and  the  liquid  loses  much  <^ 
its  extractive  matter.  This  colour  is  permanent.  The  same 
eSect  is  produced  if  muriate  of  tin  be  employed  instead  of 
alum.  This  effect  is  still  more  complete  if  the  doth  be 
soaked  in  chlorine^  and  then  dipped  into  the  infusion  of 
extractive*  Hence  we  see  that  the  extractive  matter  re- 
quires no  other  mordant  than  oxygen  to  fix  it  on  cloth. 

11.  When  distilled,  extractive  yields  aa  acid  liquid  im- 
pregnated with  ammonia.* 

It  cannot  be  doubted  that  there  are  many  different  species 
of  extractive  matter ;  though  the  difficulty  of  obtaining  each 
separately  has  prevented  chemists  from  ascertaining  its 
nature  with  precision.  Extracts  are  usually  obtained  by  Propeftiet 
treating  the  vegetable  substance  from  which  they  are  to  be  ®^"***^^ 
procured  with  water,  and  then  evaporating  the  watery  solu^ 
lion  slowly  to  dryness.  All  extracts  obtained  by  this  method 
have  an  acid  taste,  and  redden  the  infusion  of  litmus. 
They  all  yield  a  precipitate  while  liquid  if  they  are  mixed 
with  ammonia*  This  precipitate  is  a  compound  of  lime  and 
insoluble  extractive.  Lime  always  causes  them  to  exhale 
the  odour  of  ammonia.  It  has  been  ascertained  that  the 
extractive  principle  is  more  abundant  in  plants  that  have 
grown  to  maturity  than  in  young  plants. 

As  the  extracts  of  vegetables  prepared  by  apothecaries 
for  medical  purposes,  besides  the  extractive  principle,  always 
contain  other  bodies,  frequently  to  the  number  of  eight  or 
more,  and  as  the  greater  number  of  them  are  still  but  im- 
perfectly examined,  I  shall  satisfy  myself  at  present  with 
pointing  out  some  of  those  vegetable  substances  which  have 
been  ascertained  to  contain  extractive  principle,  and  stating 
the  constituents  of  such  as  have  been  analysed. 

1.  Extractive  principle  is  not  an  uncommon  ingredient  Extractive 
in  the  sap  of  trees.     Indeed  Deyeux  and  Vauquelm  found  ®^  **P' 
it  in  almost  all  those  which  they  examined.     It  is  usually 
thrown    down    when    the  sap  is   mixed  with    chlorine^ 

•  S0«  Vaiujueliii. 
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Book  IV.  and  it  precipitates  in  brown  flakes  while  the  sap  is  evaporat- 

^"-"v^  ing  on  a  sand  bath. 

Of  huk,  2.  It  forms  a  constituent  of  the  bark  of  all  trees  hitherto 
examined.  This  was  evidently  the  case  with  all  the  barks 
which  Davy  subjected  to  experiment;  namely,  those  of 
oak,  Leicester  willow,  Spanish  chesnut,  elm,  common 
willow,  and  undoubtedly  all  barks  which  have  an  astringent 
taste ;  for  tan  and  extractive  seem  scarcely  ever  to  be  found 
separate. 

Of  catechu,     S.  The  infusion  of  catechu  contains  an  extractive  prin* 
ciple,  united  chiefly  to  tan.    It  may  be  obtained  in  a  state 
of  purity  by  washing  the  catechu  in  powder  repeatedly  with 
water  till  the  fluids  obtained  cease  to  precipitate  gelatine. 
What  remains  is  extractive.     It  is  of  a  pale  reddish*  browa 
colour  and  a  slightly  astringent  taste,  leaving  in  the  mouth 
a  sensation  of  sweetness.    It  has  no  smell.     Its  solution 
in  water  is  at  first  yellow-brown;   but  it  acquires  a  tint 
of  red  when  left  exposed  to  the  ait*.     The  solution  in 
alcohol  is  of  a  dirty  brown.    It  does  not  aflect  v^etable 
blues.      Alkalies  brighten  its  colour;   but  neither  these 
bodies  nor  the  alkaline  earths  precipitate  it  from  water. 
Nitrate  of  alumina  and  muriate  of  tin  render  the  solution 
slighdy  turbid.     Nitrate  of  lead  throws  down  a  dense  light- 
brown  precipitate.     It  renders  persulphate  of  iron  green, 
and  throws  down  a  green  precipitate,  becoming  black  by 
exposure  to  the  air.     Linen,  when  boiled  in  die  solution, 
extracts  almost  the  whole  of  the  extractive,  and  acquires  a 
light  red-brown  colour.     When  this  extractive  is  exposed 
to  heat,  it  softens,  and  its  colour  becomes  darker,  but  it 
does  not  melt.     When  distilled,  it  yields  carbonic  acid  and 
carbureted  hydrogen  gas,  weak  acetic  acid,  and  a  little  un- 
altered extractive.     A  porous  charcoal  remains.* 
Of  senna,       4.  The  infusion  of  senna  contains  a  matter  of  a  veiy 
peculiar  nature,  but  which  may  be  considered  as  a  species 
of  extractive.    The  senna  of  commerce  consists  of  the  dried 
leaves  of  the  cassia  seima^  a  shrub-like  annual  cultivated  in 
£g3rpt.     Water,  at  the  ordinary  temperature  of  the  atmos- 
phere dissolves  nearly  one-half  of  the  substance  of  these 
leaves.     The  infusion  obtained  has  a  brown-colour,  a  bitter 
taste^  and  a  peculiar  aromatic  odour.    It  contains  a  con« 

*  Davy  on  Astringent  Vegetables,  p.  %S. 
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fliderable  proportion  of  carbonate  of  lime,  sulphate  of  pot-  Chap.  I. 
ash,  and  carbonate  of  magnesia,  besides  a  little  silica ;  but  ^"V*'^ 
the  most  curious  of  its  constituents  is  the  extractive.  When 
common  air  is  made  to  pass  for  some  hours  through  the  in- 
fusion, a  yellow-coloured  precipitate  appears:  the  same 
substance  is  thrown  down  immediately  by  muriatic  acid  and 
chlorine.  It  appears  also  when  a  current  of  chlorine  gas  is 
made  to  traverse  the  infusion.  This  substance  is  the  ex- 
tractive  altered  by  its  combination  with  oxygen.  It  has  a 
slight  bitter  taste.  It  is  no  longer  soluble  in  water.  Alco- 
hol dissolves  it,  but  lets  it  fall  when  diluted.  The  alkalies 
dissolve  it,  and  form  a  deep-brown  solution.  On  burning 
coals  it  emits  a  thick  smoke,  exhales  an  aromatic  odonr, 
and  leaves  a  spongy  charcoal.  These  properties  indicate  a 
very  decided  approach  to  the  resinous  state.* 

5.  The  infusion  of  Peruvian  bark  likewise  yields  an  ex-  Of  quinqui- 
tractive  matter  of  a  peculiar  nature,  which  assumes  a  fine  "** 
red-colour  when  united  to  oxygen ;  and,  like  the  extractive 

of  senna,  acquires  nearly  the  properties  of  a  resin.  It  was 
obtained  by  Fourcroy  from  the  quinquina  of  St.  Domingo* 
Water,  boiled  on  it  till  it  refused  to  dissolve  any  thing  more, 
was  slowly  evaporated,  and  the  extract  obtained  was  dis- 
solved in  alcohol.  The  alcohol,  by  evaporation,  deposited 
the  peculiar  extractive.  Its  colour  was  brown,  its  taste 
bitter,  insoluble  in  cold,  but  very  soluble  in  hot  water.  It 
was  soluble  in  alcohol.  When  dry  it  was  black,  brittle, 
and  broke  with  a  polished  fracture.  Lime-water  precipi- 
tated it  in  the  state  of  a  red  powder :  chlorine  threw  it 
down  in  the  state  of  a  fine  red  powder,  neither  soluble  in 
watef  nor  alcohol,  but  capable  of  uniting  with  alkalies.  A 
stronger  dose  of  chlorine  rendered  it  yellow.t 

6.  Steinacher  has  shown  that  distilled  vinegar  contains  a 
quantity  of  extractive.^ 

The  resemblance  between  extractive  bodies  and  the 
colouring  matter  of  plants  is  sufficiently  striking.  It  is  more 
than  probable,  that  when  this  last  set  of  bodies  have  been 
examined  with  more  precision  by  chemists,  they  will  be 
found  to  belong  to  the  same  class. 

*  BoaiUon  La  Grange,  Ann.  de  Chirn.  xxiv.  4. 

f  Fourcroy,  Ann.  de  Chim.  viii.  190.  X  Jour,  de  Phyt.  Ixv.  387. 

VOL.  IV.  r 


66  INGREDIENl^   OF  PLANTS. 

Book  IV.  SECT.  XII. 

OF    EMETIN. 

This  remarkable  substance  was  extracted  from  ipecaco- 
anha  by  MM.  Magendie  and  PeHetier,  and  called  by  them 
emetifiy  because  it  constitutes  the  substance  in  that  root, 
which  occasions  vomiting. 
How  ob-  They  obtained  it  by  the  following  method :  Ipecacuanha 
tiined.  ^^g  digested  first  in  sulphuric  ether,  then  in  alcohol.  The 
alcoholic  solution  was  evaporated  to  dryness,  re-dissolved 
in  water  and  acetate  of  lead  dropped  into  the  solution.  A 
copious  precipitate  fell,  which  being  edulcorated  and  dif- 
fused through  water  was  exposed  to  a  current  of  sulphureted 
hydrogen  gas.  The  lead  was  precipitated  in  the  state  of 
sulphuret,  and  the  emetin  dissolved  in  water.  The  liquid 
being  filtered  and  evaporated  to  drjoiess,  the  residue  con- 
sisted of  emetin  in  a  state  of  purity.  Thus  obtained  it  pos- 
sessed the  following  properties : 
History.  It  is  in  the  form  of  transparent  scales  which  have  a  brown- 

ish red  colour.  It  has  no  smell.  Its  taste  is  bitter  and  a  little 
acrid ;  but  not  in  the  least  nauseous.  It  is  not  altered  by 
a  degree  of  heat  inferior  to  that  of  boiling  water.  Whmi 
exposed  to  a  stronger  heat  it  does  not  melt ;  but  swells, 
blackens,  and  is  decomposed,  furnishing  water,  carbonk 
acid,  a  little  oil  and  acetic  acid.  A  very  spongy  and  light 
coal  remains.  No  ammonia  can  be  discovered  in  these 
products,  indicating  that  azote  does  not  enter  into  the  com- 
position of  emetin. 

Emetin  when  exposed  to  the  air  undergoes  no  change^ 
unless  the  air  be  very  damp,  in  which  case  it  becomes 
moist.  It  dissolves  very  readily  in  water ;  but  cannot  be 
made  to  crystallize.  It  is  soluble  in  alcohol ;  but  insoluble 
in  sulphuric  ether. 

Diluted  sulphuric  acid  produces  no  effect  on  it ;  but  con* 
centrated  sulphuric  acid  chars  and  destroys  it  Nitric  acid, 
when  applied  either  cold  or  hot,  dissolves  it  and  forms  a 
fine  re(l-colourcd  solution,  which  gradually  passes  into 
yellow  while  nitrous  gas  exhales,  and  crystals  of  oxalic 
acid  are  formed,  but  no  yellow  bitter  principle.  Muriatic 
and  phosphoric  acid  dissolve  it  without  alteration,  and  let 
it  fall  iigain  when  they  are  saturated  with  an  alkali,  acetic 
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acid  is  one  of  the  best  solvents  of  it.     Gallic  acid  on  the  chap.  I. 
contrary  throws  it  down  from  its  solution  in  the  state  of  a 
dir^^  white  precipitate.     It  is  precipitated  equally  by  in- 
fusion of  nutgalls,  and  a  slight  precipitate  is  produced  by 
the  infusion  of  cinchona. 

The  alkalies  dissolve  the  compound  of  emetin  and  gallic 
acid.  When  iodine  is  poured  into  the  tincture  of  emetin 
a  red  precipitate  falls  which  is  a  compound  of  emetin  and 
iodine. 

Acetate  of  lead  throws  down  emetin  from  its  solution  in 
abundance.  Protonitrate  of  mercury  gradually  throws 
down  a  slight  precipitate.  Corrosive  sublimate  occasions 
rather  a  greater  one.  Tartar  emetic  has  no  action  on  it 
whatever. 

Neither  vegetable  nor  animal  substances  as  fiu:  as  they 
have  been  tried  have  any  action  on  emetin. 

Haifa  grain  of  emetin  when  swallowed  occasions  violent 
vomiting  followed  by  sleep,  and  the  animal  awakes  in  a 
state  of  health.  Twelve  or  even  six  grains  of  emetin  pro- 
duce vomiting  and  sleep,  followed  by  death.  A  violent  in- 
flammation of  the  lungs  and  intestinal  canal  appears  to  be 
the  proximate  cause  of  the  death  which  in  this  case 
ensues.* 


SECT.  XIII. 

OF   MORPHIA. 


In  the  year  ISOS,  M.  Derosne  published  an  analysis  of  Histonr. 
qptum  in  which  he  announced  the  existence  of  a  peculiar 
crystallizable  substance  to  which  that  drug  owes  its  nar- 
cotic properties.t  In  1805  M.  Sertiirncr,  apothecary  at 
Eimb^i^,  in  Hanover,  published  an  analysis  of  the  same 
substance  ;t  but  the  results  were  so  different  as  to  destroy 
the  confidence  of  chemists  in  both.  But  in  the  year  1817, 
Sertiimer,  who  had  not  lost  sight  of  the  subject  but  had 

*  Am.  de  Chim.  et  Phys.  iv.  172.  f  ^n°*  ^®  Chim.  xhr.  S57. 

I  Tronnntdorffl  Journal,  li?.  47. 
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Book  IV.  been  investigatinf^  it  with  care  ever  since  his  first  paper, 
published  a  new  set  of  experiments,*  in  which  he  shows 
the  method  of  separating  a  peculiar  substance  from  opiunif 
to  which  he  has  given  the  name  of  morphia.  It  is  to  this 
substance  that  opium  owes  its  peculiar  properties ;  and  the 
narcotic  principle  of  Derosne,  according  to  Sertiirner,  is  s 
compound  of  morphia  and  a  peculiar  acid  which  opium 
contains.  But  M.  Robiquet  has  shown  that  this  opinion  u 
not  well  founded,  f  The  experiments  of  SertUmer  have 
been  repeated  and  verified  both  in  France  and  Grreat 
Britain,  so  that  the  existence  and  properties  of  morphia 
may  be  considered  as  well  ascertained. 

According  to  SertUmer,  morphia  occurs  in  opium  couh 
bincd  with  a  peculiar  acid,  which  he  calls  meconic  acid.} 
His  formula  for  procuring  it  is  as  follows : 

Prepart-  ^^^  eight  ounces  of  pulverized  opium  with  two  or  three 

tion.  ounces  of  Concentrated  acetic  acid  and  a  little  water  to  the 

consistence  of  a  soft  pap.  Dilute  this  pap  with  two  or  three 
pounds  of  water,  and  strain  it  through  a  cloth.  The  residue 
may  be  washed  with  a  little  water  and  strained  a  second 
time.  The  liquid  thus  obtained  is  but  little  coloured  and 
contains  acetate  and  meconate  of  morphia,  a  little  mor- 
phia combined  with  extractive  and  neutral  free  extrac- 
tive. Pour  caustic  ammonia  into  it  and  the  morphia  ii 
precipitated  in  abundance.  Evaporate  the  liquid  to  one 
fourth  or  one  fifth  of  its  bulk,  when  an  additional  quantity 
of  morphia  will  precipitate.  The  morphia  thus  obtain- 
ed is  not  quite  free  from  extractive.  M.  SertUmer  re- 
duced it  to  a  fine  powder  and  digested  it  with  a  very  small 
quantity  of  alcohol.  The  alcohol  acquired  a  dark  colour, 
and  the  morphia  remained  nearly  colourless  and  in  a  state 
of  considerable  purity.  Thus  obtained  it  possesses  the  fol- 
lowing pro}x?rties : 

Properties.  It  is  colourless.  It  dissolves  only  in  small  quantity  in 
boiling  water ;  but  it  is  very  soluble  in  alcohol  an^  ether. 
This  solution  has  a  very  bitter  taste  and  tlie  morphia  may 

•  Gilbert's  Annalen,  Iv.  57.  f  Ann.  de  Chim.  et  Phys.  ▼.  J75. 

t  He  has  not  ^iven  a  sufficient  description  of  this  acid  to  enaUe  us 
to  appreciate  its  nature  and  properties.    Its  name  is  obviously 
from  ^nkM-y  the  Greek  word  ^ot  poppy. 
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be  obtained  from  it  in  crystals.  The  figure  of  these  crys-  ciiap.i. 
tab  is  a  short  four-sided  pyramid  whose  base  is  either  a 
square  or  a  rectangle.  Sometimes  two  of  these  pyramids 
are  applied  base  to  base,  constituting  an  octahedron.  The 
solution  of  morphia  gives  a  brown  colour  to  turmeric 
paper,  and  restores  the  blue  colour  to  litmus  paper  red- 
dened by  vinegar,  and  these  effects  are  not  owing  to  the 
presence  of  ammonia.  Hence  it  is  obvious  that  morphia 
acts  the  part  of  an  alkali. 

It  combines  readily  with  the  different  acids,  neutralizes 
them,  and  forms  a  new  kind  of  salts  which  claim  particular 
attention. 

Subcarbanaie  of  Morphia  is  formed  when  morphia  is  Salts  which 
placed  in  contact  with  carbonic  acid  gas,  or  when  it  is  pre*  *  ^''"'* 
cipitated  from  its  solutions  by  an  alkaline  subcarbonate. 
Il  is  more  soluble  in  water  than  morphia,  and  seems  ca- 
pable of  crystallizing,  but  M.  Sertiimer  did  not  determine 
the  figure  of  its  crystals.  The  carbonate  of  morphia  crys- 
tallizes in  short  prisms. 

Acetate  of  morphia  ciystaUizes  in  soft  prisms  and  is 
very  soluble  in  water. 

Sulphate  of  morphia  crystallizes  in  the  form  of  the 
twigs  and  branches  of  trees,  and  is  likewise  very  soluble. 

Muriate  of  morphia  assumes  a  plumose  appearance.  It 
is  much  less  soluble  in  water  than  the  other  salts  of  mor- 
phia, and  when  the  solution  is  too  far  evaporated  it  spee- 
dily concretes  on  cooling  into  a  shining  silver  white  plumose 
saline  mass. 

Nitrate  of  morphia  crystallizes  in  prisms  which  are 
grouped  together  and  appear  to  issue  from  a  central  point. 
Meamiate  of  morphia  was  not  examined.  But  sulh- 
meconiate  of  morphia  crystallizes  in  oblique  prisms.  This 
is  the  substance  which  constitutes  the  narcotic  principle, 
which  Derosne  extracted  from  opium.  It  is  but  sparingly 
soluble  in  water. 

Tartrate  of  morphia  crystallizes  in  prisms  and  has  a 
close  resemblance  to  the  preceding  salts. 

From  the  experiments  of  Sertiimer,  it  would  appear  that 
morphia  possesses  the  characters  of  a  new  combustible  alkali, 
and  that  it  ought  to  be  placed  in  the  tables  of  affinity  below 
ammonia,  as  that  substance  possesses  the  property  of  sepa- 
rating it  from  all  its  combinations. 
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Book  iv.  Morphia  melts  in  a  gentle  heat^  and  in  that  state  has 
very  much  the  appearance  of  melted  sulphur.  On  cooling 
it  again  crystallizes.  It  bums  easily,  and  when  heated  in 
close  vessels  leaves  a  solid,  resinous,  black  mass  having  a 
peculiar  smell.  It  combines  with  sulphur  by  the  assbtanoe 
of  heat ;  but  the  combination  is  speedily  destroyed  and  sui- 
phureted  hydrogen  evolved. 

No  remarkable  change  was  produced  upon  morphia  by 
the  action  of  galvanism.  Sertiimer  made  no  escperimoits 
to  determine  its  composition ;  but  he  considers  it  as  a  com- 
pound of  oxygen,  carbon,  and  hydrogen. 

It  acts  with  great  energy  on  the  anim'al  economy.  Half 
a  grain  of  it  dissolved  in  spirits  being  swallowed  by  a  young 
roan  of  17  years  of  age,  produced  a  flushing  in  the  face,  and 
an  augmentation  of  the  muscular  energy.  Another  half 
grain  being  swallowed  half  an  hour  after  occasioned  a  dull 
pain  in  the  head,  giddiness,  stupor,  and  nausea.  A  tbiid 
half  grain  being  swallowed  aggravated  the  symptoms  so 
much  that  Sertiimer  became  darmed  and  made  his  patient 
swallow  a  quantity  of  vinegar.  But  the  symptoms  were 
rather  aggravated  and  continued  all  night;  but  were 
moved  next  morning  by  the  use  of  magnesia. 


SECT.  XIV. 


Prcpara 
tion. 


OF  ASPARAGTN. 

I  GIVE  this  name  to  a  substance  discovered  in  the  juice  of 
asparagus  by  Vauquelin  and  Robiquet*  It  was  procnred 
by  the  following  process. 

The  juice  of  asparagus  is  expressed  in  the  usual  way,  fii» 
tered,  evaporated  to  the  consistence  of  a  syrap,  and  then  set 
aside.  Various  crystals  gradually  make  their  appearanee^ 
and  among  others  crystals  of  asparagin,  easily  separated  from 
the  rest  on  account  of  their  colour  and  figure.  Hiis  sub- 
stance possesses  the  following  properties : 
Properties.  1*  The  crystals  are  white  and  transparent,  and  have  the 
figure  of  rhomboidal  prisms.     The  greater  angle  of  At 
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*  Aon.  deChim.  Iv.  167.    Micholsoii's  Jour.  xr.  S4S. 
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rhomboidal  base,  as  ascertained  by  Haiiy,  is  ISO^.     The   Chap.  I. 
edges  of  this  base,  and  the  two  angles  at  the  extremity  of  its 
greater  diagonal,  are  truncated. 

2.  It  is  hard  and  brittle.  Its  taste  is  cool  and  slightly 
nauseous,  so  as  to  occasion  a  secretion  of  saliva. 

3.  It  dissolves  readily  in  hot  water ;  but  in  cold  water, 
only  sparingly.     Alcohol  does  not  dissolve  it. 

4.  The  aqueous  solution  does  not  affect  vegetable  blues. 
Neither  infusion  of  nu^^lls,  acetate  of  lead,  oxalate  of  am- 
numia,  mtiriate  of  barytes,  nor  the  hydrosulphuret  of  potash, 
occasion  any  change  in  it. 

5.  When  triturated  with  potash  no  ammonia  is  disen- 
gaged. The  potash  appears  to  render  it  more  soluble  in 
water. 

6.  When  heated  it  swells,  and  emits  penetrating  vapours, 
a£Eecting  the  eyes  and  nose  like  the  smoke  of  wood.  It 
leaves  a  large  portion  of  insipid  charcoal,  which,  when  in* 
cinerated,  leaves  scarcely  a  trace  of  residue. 

7.  Nitric  acid  dissolves  it  with  the  evolution  of  nitrous 
gas.  The  solution  has  a  yellow  colour  and  a  bitter  taste, 
like  that  of  animal  substances  in  the  same  acid.  Lime  dis- 
engages from  it  a  considerable  quantity  of  ammonia. 

Such  are  the  properties  of  this  substance  ascertained  by 
Vauquelin  and  Robiquet.  They  distinguish  it  sufficiently 
from  all  other  vegetable  substances  known. 


SECT.  XV. 

OF  CERASIK. 


I  ADOPT  this  name  from  Dr.  John,  to  denote  a  particular 
vegetable  principle  which  has  been  long  known ;  but  which 
hitherto  has  been  confounded  with  gum.  It  may  be  distin- 
guished by  the  following  characters. 

1.  It  is  a  solid  substance  possessing  the  appearance  of  Propenies. 
gum  and  distinguished  by  a  similar  taste.     It  is  usually 
harder  than  gum  and  not  so  easily  reduced  to  powder; 
though  this  is  not  always  the  case,  especially  when  it  is  mixed 

with  gum  which  it  frequently  is. 

2.  When  put  into  water  it  imbibes  that  liquid,  swells  up 


canih. 


78  INGREDIENTS  OF  PLANTS. 

Bookiv.  very  considerably,  and  becomes  semitransparent  and  gela* 
tinous,  but  is  not  in  the  least  soluble.  It  dissolves  in  boil- 
ing wator,  but  again  precipitates  when  the  liquid  cools^  and 
remains  in  the  state  of  a  jelly.  This  gelatinous  mass  may 
be  used,  like  gum,  to  paste  together  pieces  of  paper. 

3.  Cerasin  is  insoluble  in  alcohol  and  ether. 

4.  Cold  water  acidulated  with  nitric,  sulphuric,  or  mu- 
riatic acid  dissolves  a  small  portion  of  it,  and  when  heat  is 
applied,  the  whole  of  the  cerasin  dissolves  in  these  liquids. 
When  alkali  is  dropped  into  the  nitric  acid  solution,  a  por- 
tion only  of  the  cerasin  is  precipitated.  If  the  liquid  be 
evaporated,  the  remainder  is  obtained  converted  into  a  pe- 
culiar bitter  tasted  substance. 

TnpL'  Quiu  trcgacanth  may  be  considered  as  pure  cerasin.     It 

has  been  longest  known  and  is  in  the  most  general  use. 
Perhaps  on  that  account  it  might  have  been  as  well  to  have 
given  to  cerasin  the  name  of  tragacanth. 

Tragacanth  is  the  produce  of  the  astragalus  tragacaniha^ 
a  thorny  shrub  which  grows  in  Candia  and  other  islands  of 
tBe  Levant.  The  gum  is  said  to  exude  about  the  end  of 
June  from  the  stem  and  larger  branches,  and  soon  dries  in 
the  sun.  It  is  in  the  state  of  whitish  vermiform  pieces,  not 
nearly  so  transparent  as  gum  arabic.  From  the  two  pre- 
ceding species  it  differs  extremely  in  many  of  its  properties. 
When  put  into  water  it  slowly  imbibes  a  large  quantity  of 
the  liquid,  swells  into  a  large  volume,  and  forms  a  soft,  but 
not  fluid,  mucilage.  If  the  quantity  of  water  be  more  than 
the  gum  can  imbibe,  the  mucilage  forms  an  irregular  mass, 
which  does  not  unite  with  the  rest  of  the  liquid.  By  agita- 
tion, indeed,  an  apparent  solution  is  effected,  and  the  whole 
assumes  a  whcyish  appearance ;  but  on  standing,  the  mu- 
cilage again  subsides,  as  at  first,  and  the  water  becomes 
transparent.*  When  a  solution  of  gum  arabic  is  poured 
into  this  solution,  the  mucilaginous  gum  tragacanth  sepa- 
rates much  sooner  than  usual,  and  forms  no  union  with  the 
gum  arabic.f  When  treated  with  nitric  acid,  it  yieUs 
abundance  of  saclactic  acid,  malic  acid,  and  oxalic  acid; 
but  not  the  slightest  trace  of  artificial  tannin.j:  Sulphuric 
acid  devclopes  some  traces  of  artificial  tannin.     Tlie  quan-i 


•  Lewis,  Neuman's  Chem.  p.  282.  f  Lewis,  ibid. 

t  IJatcbett,  Phil.  Trans.  1805. 
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tity  of  charcoal  which  it  yielded,  when  digested  in  sulphuric    Chap.  I. 
acid,  was  0*22,  or  considerably  less  than  gum  arabic  yielded 
in  the  same  circumstances.*     When   Mr.  Cruickshanks 
distilled  480  grains  of  it  in  a  glass  retort,  he  obtained  the 
following  products : 

Pyromucous  acid 245  gr. 

Charcoal    • 93 

Lime  with  some  phosphate 12 

Carbonic  acid  and  carbureted  hydrogen  gas  130 

480 

When  the  pyromucous  acid  was  saturated  with  lime,  a 
considerably  greater  proportion  of  ammonia  was  disengaged 
than  from  the  pyromucous  acid  of  gum  arabic.  The  gases 
were  78  ounce  measures  of  carbonic  acid,  and  91  of  car- 
bureted hydrogen.t  This  gum  yielded  to  Vauquelin  0*03 
of  ashes.  They  dissolved  in  muriatic  acid  with  efferves- 
cence, while  the  odour  of  sulphureted  hydrogen  was  per- 
ceptible. They  consisted  chiefly  of  carbonate  of  lime,  with 
a  little  iron  and  phosphate  of  lime,  and  contained  likewise 
some  potash.:^ 

These  experiments  show  us,  that  gum  tragacanth  con- 
tains more  azote  and  lime,  and  perhaps  more  oxygen  and 
less  carbon,  than  gum  arabic. 

Dr.  Bostock  by  digesting  tragacanth  in  water  till  it  be- 
came gelatinous,  and  then  triturating  it  with  pure  water  in 
a  mortar,  formed  a  homogeneous  mucilage,  consisting  of 
100  parts  of  water  and  1  part  of  tragacanth.  Subacetate 
of  lead  formed  a  copious  precipitate  with  this  mucilage. 
Acetate  of  lead  produced  a  light  precipitate,  which  increased 
by  standing,  though  on  mucilage  of  gum  arabic  it  produced 
no  effect.  The  permuriate  of  tin  likewise  throws  down  a 
firm  coagulum,  though  it  does  not  alter  mucilage  of  gum 
arabic.  Persulphate  of  iron  produced  no  efiect.  Nitrate 
of  mercury  threw  down  a  slight  precipitate  of  a  reddish 
tinge.     Silicated  potash  produced  no  effect  § 

•  Hatchett,  Third  Scries  of  Experiments  on  Artificial  Tannin,  Phil. 
Trans.  180(i. 

+  Cmickshanks,  Rollo  on  Diabetes,  p.  452.    t  Ann,  de  Chim.  liv.  519. 
§  Nicholson's  Jour.  Iviii.  30. 


74p  ingredients  of  plants. 

Book  IV.       I  suppose  the  gum  bassora  of  Vauquelin  to  be  a  variety 
^— V^  of  tragacanth. 

Ceradn  constitutes  a  portion  of  the  gummy  matter  that 
exudes  from  the  prunns  eerasus,  prunus  avium,  prunus 
domestica,  xanthorea  bastilis.  It  was  on  that  account,  I 
presume,  that  Dr.  John  distinguished  it  by  the  name  of 
cerasin.  It  may  be  worth  while  to  state  here  the  result  of 
my  experiments  on  cherry  tree  gum. 
Chcrry-trcc  The  pruniis  avium,  the  common  cherry  and  plum  trees, 
^""''  and  the  almond  and  apricot  likewise,  yield  a  gum  which 
exudes  in  great  abundance  from  natural  or  artificial  open- 
ings in  the  stem.  It  is  of  a  reddish-brown  colour,  in  large 
masses,  at  first  much  sofler  than  gum  arabic,  but  by  keeping 
it  becomes  much  harder  than  any  other  species  of  gum  which 
I  have  seen  except  tragacanth.  When  put  into  water  it 
gradually  swells,  and  is  converted  into  a  semitransparcnt 
reddish-brown  jelly.  A  portion  dissolves  in  the  water,  but 
a  considerable  portion  remains  in  the  gelatinous  states  and 
does  not  dissolve  even  though  boiled  for  some  hours  in  a 
very  large  portion  of  water.  In  this  respect  cherry-tree 
gum  differs  from  every  other  species  which  I  have  tried. 
The  portion  dissolved  in  water  possesses  the  common  ap- 
pearance of  mucilage  of  gum  arabic,  excepting  that  its  co- 
lour is  darker,  and  that  it  is  much  weaker,  and  of  course 
less  adhesive  and  thready.  The  gum  is  not  precipitated  by 
alcohol,  nor  is  any  effect  produced  by  silicated  potash. 
Acetate  of  lead  produces  no  immediate  effect ;  but  on  stand- 
ing the  whole  becomes  opaque,  and  a  precipitate  at  last 
subsides.  Fuming  liquid  of  libavius  causes  the  liquid  to 
gelatinize  immediately.  The  acetate  of  lead,  and  the  nitrate 
of  mercury,  produce  no  effect.  No  precipitate  was  pro- 
duced by  any  of  the  other  metallic  salts  tried.  Dr.  Bos- 
tock  found,  that  when  treated  with  nitric  acid  it  yielded  a 
portion  of  saclactic  acid. 
Congo  The  gentlemen  constituting  the  late  unfortunate  expe- 

■'****^  dition  to  the  Congo,  while  travelling  along  the  banks  of  that 
river,  picked  up  a  large  piece  of  gum,  vrtiich  bore  a  very  close 
resemblance  to  the  cherry-tree  gum  of  this  country.  Its 
colour  was  equally  dark  and  its  hardness  as  great.  On  ex- 
amination, I  found  that  it  consisted  entirely  of  cerasin 
darkened  by  a  colouring  matter,  which  was  partly  soluble 
in  water  and  possessed  the  characters  of  extractive.     But 
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the  eeraaiD  still  ocmtinued  dark  coloured  even  after  all  the    Chap.  i. 
extractive  which  water  was  enable  of  taking  up  was  re-  ^""v^""^ 
moved. 

Some  time  ago,  I  received  from  Dr.  Clarke  of  Dominica,  Domioica 
specimens  of  gum  very  different  in  appearance  from  any  ^™' 
that  I  had  previously  seen.  It  was  in  large  masses  like  sta- 
lactites, four  or  five  inches  long,  and  above  an  inch  thick, 
and  composed  of  a  number  of  irregularly  cylindrical  masses, 
some  of  them  hollow,  cemented  together,  or  running  into 
each  other.  I  have  learned  nothing  respecting  the  plant 
from  which  this  gum  exudes.  It  is  rather  brittle,  light 
yellowish-brown,  and  translucent.  I  found  it  a  compound 
of  about  S  parts  cerasin  and  1  part  gum. 


SECT.  XVL 

OF   INULIN. 


I  GIVE  this  name  to  a  new  vegetable  principle,  dis- 
covered by  Rose  in  the  roots  of  the  inula  helenium  (ele- 
campane.) 

When  the  roots  of  this  vegetable  are  boiled  in  water, 
the  decoction,  after  standing  some  hours,  deposits  the  muUn 
in  the  form  of  a  white  powder  like  starch.  Its  properties 
are  as  follows : 

1  •  It  is  insoluble  in  cold  water.     By  trituration  the  inulin  Properties. 
is  uniformly  diffused,  and  gives  the  liquid  a  milky  appear- 
ance ;  but  it  soon  fidls  down  in  the  state  of  a  white  powder, 
leaving  the  liquid  quite  transparent. 

2.  It  dissolves  readily  in  hot  water.  One  part  of  inulin  Action  oC 
in  four  parts  of  boiling  water  formed  a  solution  which  ^***'' 
passed  readily  through  the  filter,  though  its  consistence 
was  somewhat  mucilaginous,  and  it  was  not  quite  transpa- 
rent. After  some  hours  the  greater  part  of  the  inulin  pre- 
cipitates from  the  water  in  the  form  of  a  white  powder.  An 
equally  concentrated  soluticm  of  gum  arable  is  much  thicker, 
and  more  adhesive. 

S.  When  the  aqueous  solution  of  inulin  is  mixed  with  Alcohol, 
an  equal  bulk  of  alcohol,  no  change  takes  place  for  some 
time^  but  the  inulin  soon  separates,  and  falls  to  the  bottom 
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Book  IV.  in  the  state  of  a  bulky  white  powder.    A  solution  of  gum 

^"N^*-^  arabic,  when  treated  in  this  manner,  remains  milk  white 
for  days  without  any  precipitate  falling. 

>ktr,  4.  When  thrown  upon  burning  coals  it  melts  as  readily 

as  sugar,  and  emits  a  thick  white  smoke,  not  unpleasantly 
pungent,  and  similar  in  odour  to  that  of  burning  sugar. 
The  residue,  which  is  but  small,  sinks  into  the  coaL  Starch 
emits  a  similar  smoke,  but  leaves  a  more  bulky  residue. 
When  heated  in  an  iron  spoon  inulin  melts,  and  emits  a 
thick  smoke,  with  the  same  odour;  and  as  soon  as  die 
spoon  becomes  red-hot,  bums  with  a  vivid  flame^  and  leaves 
a  very  small  coaly  residue. 

5.  When  distilled  it  yields  a  brown  acid  liquid,  having 
the  smell  of  the  pyromucous  acid,  but  not  a  trace  of  oil. 

fTitricacid.  6.  When  treated  with  nitric  acid  it  yields  malic  and 
oxalic  acids,  or  acetic  acid  if  too  much  nitric  acid  be  em- 
ployed ;  but  no  saclactic  acid  is  formed,  as  happens  with 
the  gums,  neither  is  any  of  the  waxy  matter  separated 
which  is  formed  when  starch  is  digested  with  the  same  acid. 
Such  are  the  properties  of  inulin,  as  far  as  they  have 
been  investigated  by  Rose.*  When  the  root  of  elecampane 
is  distilled,  it  yields  a  portion  of  a  white  solid  matter, 
which  seems  to  be  intermediate  between  camphor  and  vola- 
tile oil  in  its  naturcf  No  other  vegetable  substance  has 
been  observed  to  yield  a  similar  product.  How  far  it  is 
connected  with  inulin  remains  to  be  determined. 

Inulin  has  been  found,  by  Dr.  John,  in  the  roots  of 
several  other  plants.  Besides  the  inula  helenium  in  which 
it  had  been  already  detected  by  Rose,  he  found  it  in  the 
roots  of  the  anthemis  pyrethrum,  in  nutgalls,  in  angelica 
archangelica.  He  suspects  its  presence,  likewise^  in  the 
hyadnthus  nonscriptuSf  and  in  several  other  plants.): 


SECT.  XVII. 

OF  STARCH. 


Analysis  of      If  a  quantity  of  wheat  flour  be  formed  into  a  paste,  and 
wheitflottr.  jjjgjj  j^^jj  y^jer  a  very  small  stream  of  water,  kneading 

*  Gehlen's  Jour.  iii.  217.  f  Neumaa'a  Cbem.  p.  4a0« 

}  Joba's  Tabelleo  der  Pflaazsn  Aaalyseiii^  p.  17. 
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rontmoally  till  the  water  runs  off  from  it  colourless,  the   chap.  L 
flour  by  this  process  is  divided  into  two  distinct  constituents,  ^"v*"*^ 
A  tough  substance  of  a  dirty  white  colour,  called  gluten^ 
remains  in  the  hand ;  the  water  is  at  first  milky,  but  soon 
deposits  a  white  powder,  which  is  known  by  the  name  of 
starch,    A  sweet-tasted  mucilaginous  substance  remains  dis- 
solved in  the  water. 

The  starch  obtained  by  this  process  is  not  altogether  free  Method  oi 
from  gluten ;  hence  its  colour  is  not  very  white,  and  it  has  ^^*°f 
not  that  fine  crystallized  appearance  which  distinguishes 
the  starch  of  commerce.  Manufacturers  employ  a  mor^ 
economical  and  more  efficacious  process.  Good  wheat  is 
allowed  to  steep  in  cold  water  till  it  becomes  soft,  and  yields 
a  milky  juice  when  squeezed.  It  is  then  taken  out  of  the 
water;  put  into  coarse  linen  sacks,  which  are  subjected  to 
pressure  in  a  vat  filled  with  water ;  a  milky  juice  containing 
abundance  of  starch  exudes,  and  mixes  with  the  water  of 
the  vat  This  process  is  repeated  as  long  as  the  wheat 
yields  any  milky  juice.  The  sack  and  its  contents  are  then 
removed.  The  starch  soon  falls  to  the  bottom  of  the  vat; 
and  the  water  which  covers  it  gradually  ferments,  in  con- 
sequence of  the  substances  which  it  holds  in  solution. 
Alcohol  and  vinegar  are  formed  in  it,  partly,  no  doubt,  at 
the  expence  of  the  starch.  The  vinegar,  thus  evolved,  dis- 
solves all  the  impurities,  and  leaves  nothing  behind  but 
starch.  It  is  then  poured  off,  and  the  starch  edulcorated 
with  water.  It  is  afterwards  dried  by  a  moderate  heat. 
During  the  drying  it  usually  splits  into  small  columnar 
masses,  which  have  a  considerable  degree  of  regularity. 
The  water  which  has  stood  over  the  starch  was  analysed  by 
Vauquelin.  It  contains  a  considerable  portion  of  alcohol 
and  of  acetic  acid.  The  acid  holds  in  solution  gluten 
somewhat  altered,  phosphate  of  lime,  and  ammonia.* 

Starch  was  well  known  to  the  ancients.  Pliny  informs 
us,  that  the  method  of  obtaining  it  was  first  invented  by  the 
inhabitants  of  the  island  of  Chio.f 

1.  Starch  has  a  fine  white  colour,  and  is  usually  con- Propertiei. 

*  Ann.  de  Chim.  xxzviii.  248.  See  La  Fabrique  de  TAmidony  bj  Du 
Hamel  de  Monceau.  See  also  Gmelin's  Handbuch  der  Technischen 
Chemte,  i'l.  737.  The  reader  will  6nd  a  description  of  the  process  fol- 
lowed by  oar  manofactarers  ia  making  starch  in  Phil.  Mag.  xxix.  166. 

t  Lib.  xtUi.  cap.  7. 
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Action  of 
water. 


Book  IT.  creted  in  longish  masses;  it  has  scarcely  any  smell,  and 
very  little  taste.  When  kept  dry,  it  continues  for  a  long 
time  uninjured  though  exposed  to  the  air. 

2.  Starch  does  not  dissolve  in  cold  water,  but  veiy  soon 
falls  to  powder,  and  forms  with  it  a  kind  of  emulsion.  It 
combines  with  boiling  water,  and  forms  with  it  a  kind  of 
jelly,  which  may  be  difiused  through  boiling  water ;  but 
when  the  mixture  is  allowed  to  stand  a  sufficient  time^  the 
starch  slowly  precipitates  to  the  bottom.  This  subsidence 
takes  place  even  when  90  parts  of  water  are  employed  to 
dissolve  one  of  starch;  but  in  that  case,  at  least  a  month 
elapses  before  the  starch  begins  to  precipitate.  This  solu- 
tion (if  it  be  entitled  to  the  name)  is  glutinous  in  propor- 
tion to  the  quantity  of  starch.  If  the  quantity  be  considei^ 
able,  linen  dipped  into  it,  and  suddenly  dried,  acquires  (as 
is  well  known)  a  great  degree  of  stiffifiess.  When  the  solu- 
tion is  evaporated  to  dryness,  a  brittle  opaque  substance  is 
obtained,  differing  in  appearance  from  cITmon  rtud..  bat 
exhibiting  nearly  the  same  properties  with  reagmts. 
Hence  the  apparent  difierence  is  probably  owing  to  a  por- 
tion of  water  remaining  united  to  the  boiled  stardi.  When 
the  solution  of  starch  is  left  exposed  to  damp  air,  it  soon 
loses  its  consistency,  acquires  an  acid  taste,  and  its  surfiice 
is  covered  with  mould. 

S.  Starch  is  so  far  from  dissolving  in  alcohol,  even  when 
assisted  by  heat,  that  it  does  not  even  fall  to  powder. 
Neither  does  starch  dissolve  in  ether. 

4.  The  action  of  oxygen  gas  and  of  the  simple  combus- 
tibles and  azote  upon  starch  has  not  been  examined,  but  it 
is  probable  that  it  is  not  remarkable. 

5.  Tlie  metals  seem  to  have  but  little  action  on  stardi ; 
neither  does  it  combine  with  the  metallic  oxides ;  at  least 
none  of  the  metallic  salts  which  I  have  tried,  have  the  pro- 
perty of  forming  a  precipitate  when  dropped  into  a  solution 
of  starch  in  water.  The  following  were  the  metallic  salts 
tvhich  I  tried.  The  decoction  used  was  made  by  boiling 
together  one  part  of  starch  and  90  parts  of  water. 

Nitro-muriate  of  gold,  of  platinum. 
Nitrate  of  silver,  of  mercuiy,  of  lead. 
Muriate  of  tin;  acetate  of  lead. 
Sulpliate,  muriate,  and  nitrate  of  copper. 


Alcohol, 


Mrtallic 
solution?. 
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Sulphate,  muriate,  and  nitrate  of  iron.  Chap.  i. 

Sulphate,  muriate,  and  nitrate  of  zinc.  v,— -y,— / 

Ammoniated  nickel  and  cobalt 

Bostodk  found  that  sub-acctatc  of  lead  throws  down 
UB  precipitate  from  the  solution  of  starch  in  water, 
ained  likewise  a  precipitate  when  permuriate  of  tin 
id.*  Hence  it  is  obvious  that  his  starch  infusion 
lye  contained  a  much  greater  proportion  of  starch 
ine,  which  formed  no  precipitate  with  muriate  of  tin. 
b^hen  lime-water  is  mixed  with  the  same  decoction  of  Earths. 
no  change  is  produced,  neither  is  any  perceptible 
cm  occasioned  by  strontian  water ;  but  barjtes  water 
down  a  copious  white  flaky  precipitate.  This  pre- 
»  b  redissolved  by  muriatic  acid ;  but  appears  again 
iiding,  unless  a  considerable  excess  of  acid  be  em- 
.  Yet  muriate  of  baiytes  occasions  no  change  in  the 
on  of  starch.  Silicated  potash  occasions  no  precis 
n  this  decoction. 

(^hen  starch  is  triturated  with  the  hot  iniu»on  of  infusion  of 
6,  a  complete  solution  is  effected.  The  solution  is  n"^«****- 
jrent,  and  rather  lighter  coloured  than  the  infusion 
stalls.  When  this  solution  cools  it  becomes  opaque, 
copious  curdy  precipitate  fidls.  A  heat  of  120^  re- 
»  this  precipitate,  and  renders  the  solution  trans- 
,  but  the  precipitate  is  again  deposited  when  the  so- 
oools.  This  property  I  consider  as  characteristic  of 
The  infusion  of  nutgalls  throws  it  down  from  every 
n,  but  the  precipitate  is  redissolved  by  beating  the 
to  120''. 

8  precipitate  is  a  compound  of  tannin  and  starch,  and  Tannate  of 
istitucnts  are  capable  of  uniting  in  various  propor-  '^*^*^*'* 
but  it  is  least  soluble  when  deposited  from  the  solu- 
'  24  grains  of  starch  in  a  half-ounce  measure  of  the 
n  of  nutgalls,  made  by  boiling  together  two  parts 
^r  and  one  of  nutgalls.  In  that  case  it  is  coni)X)8ed 
ut  three  parts  starch  and  two  tannin.  The  whole  of 
)  not  precipitate;  about  ^th  remains  in  solution, 
gly  containing  an  excess  of  tannin.  This  compound 
xh  and  tannin  is  of  a  light-brownish  colour,  semi- 

*  Nkbolson's  Jour.  svUi.  33. 
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Book  IV.  transpai*ent,  and  brittle,  and  has  a  good  deal  of  resem- 
^^"■N^-*^  blance  to  common  sarcocoll.  Its  taste  is  astringent.  It 
feels  glutinous  between  the  teeth  like  gum.  In  cold  water 
it  dissolves  very  imperfectly,  but  very  copiously  and  readily 
in  hot  water.  Alcohol,  when  digested  on  it,  acquires  a 
brown  colour,  but  is  incapable  of  separating  the  whole  of 
the  tannin  from  the  starch.  When  tliis  compound  is  heated 
it  froths,  swells,  and  melts,  and  then,  bums  with  a  clear 
flame,  leaving  behind  it  a  small  portion  of  white  ashes. 
ilctionof  8,  When  potash  is  triturated  with  starch,  and  a  little 
^  *  water  added,  the  whole  assumes,  on  standing,  the  appear- 
ance of  a  semitransparent  jelly.  On  adding  water,  an  opal- 
coloured  solution  is  obtained,  from  which  the  starch  ii 
readily  thrown  down  by  an  acid.  When  muriatic  acid  is 
employed  a  peculiar  aromatic  odour  is  exhaled.  When  the 
infusion  of  galls  is  dropped  into  tlie  solution  of  starch  in 
potash,  a  yellowish-white  precipitate  appears,  but  is  imme- 
diately rcdissolved,  and  the  liquid  remains  opaque^  and  of 
a  dark  brown  colour.  On  adding  muriatic  acid  a.  copious 
precipitate  appears,  similar  to  the  compound  of  starch  and 
tannin;  but  nitric  acid  occasions  no  precipitate^  neither 
does  ammonia. 

The  decoction  of  starch  is  neither  altered  by  potash,  car- 
bonate of  potash,  nor  ammonia. 
Oficids.  9.  When  starch  is  tlirown  into  any  of  the  mineral  adds, 
at  first  no  apparent  change  is  visible :  But  if  an  attempt  is 
made  to  reduce  the  larger  pieces  while  in  acids  to  powder, 
they  resist  it,  and  feel  exceedingly  tough  and  adhesive^ 
Sulphuric  acid  dissolves  it  slowly,  and  at  the  same  time  a 
smell  of  sulphurous  acid  is  emitted ;  and  such  a  quantity  of 
charcoal  is  evolved,  that  tlie  vessel  containing  the  mixtoie 
may  be  inverted  without  spilling  any  of  it.  Indeed  if  the 
quantity  of  starch  be  sufficient,  the  mixture  becomes  per- 
fectly solid.  Diluted  sulphuric  acid  does  not  act  senaiUy 
on  starch  while  cold ;  but  when  heated  it  dissolves  it  com- 
pletely, apparently  without  decomposition,  as  the  starch 
may  be  again  thrown  down  by  means  of  alcohol.  Sulphur- 
ous acid  has  no  effect  upon  starch. 

Dili!ited  nitric  ncid  reduces  staixh  to  powder,  and  then 
slowly  dissolves  it  without  the  assistance  of  heat.  The  add 
assumes  a  green  colour,  and  a  sinall  portion  of  white  matter 
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swims  oh  the  surface,  on  which  the  acid  does  not  act.  Al-  Chap.  I. 
cohol  throws  down  the  starch  from  this  solution.*  Con-  ^""v*"^^ 
ceijtrated  nitric  acid  dissolves  starch  pretty  rapidly,  assum- 
ing a  green  colour,  and  emitting  nitrous  gas.  The  solution 
is  never  complete,  nor  do  any  crystals  of  oxalic  acid  appear 
unless  heat  be  applied.  In  this  respect  starch  differs  from 
sugar,  which  yields  oxalic  acid  with  nitric  acid,  even  at 
the  t«nperature  of  the  atmosphere.  When  heat  is  applied 
to  the  solution  of  stai*ch  in  nitric  acid,  both  oxalic  and 
malic  acid  are  formed,  but  the  undissolved  substance  still 
remains.  When  separated  by  filtration,  and  afterwards 
edulcorated,  this  substance  has  the  appearance  of  a  thick  oil, 
not  unlike  tallow ;  but  it  dissolves  readilv  in  alcohol.  When 
distilled  it  yields  a&tic  acid,  and  an  oil  having  the  smell 
and  the  consistence  of  tallow.t 

Strong  muriatic  acid  dissolves  starch  slowly  and  without 
effervescence.  When  the  starch  does  not  exceed  ^th  of 
the  acid,  the  solution  is  colourless  and  transparent ;  but  if 
we  continue  to  add  starch,  a  brown  colour  soon  appears, 
and  the  acid  loses  a  portion  of  its  liquidity.  Its  peculiar 
smell  is  destroyed,  and  replaced  by  the  odour  which  may 
be  perceived  in  corn  mills. 

Acetic  acid  does  not  dissolve  starch.  I  have  not  tried 
the  action  of  any  of  the  other  acids. 

10.  Alcohol  separates  starch  in  part  from  its  decoction.  Of  Alcohoh 
A  solution  of  potash  in  alcohol  occasions  a  copious  irhitc 
precipitate,  which  is  redissolved  on  adding  a  sufficient 
quantity  of  water.  A  solution  of  sulphuret  of  potash  in 
alcohol  occasions  a  flaky  precipitate  in  the  decoction  of 
starch.     This  precipitate  has  sometimes  an  orange  colour. 

11.  When  starch  is  thrown  upon  a  hot  iron,  it  melts,  of  heiu 
blackens,  froths,  swells,  and  bums  with  a  bright  flame  like 
sugar,  emitting  at  the  same  time  a  great  deal  of  smoke; 

but  it  does  not  explode,  nor  has  it  the  caromel  smell  which 
distinguishes  burning  sugar.  When  distilled  it  yields  water 
impregnated  with  an  acid,  supposed  to  be  the  pyromucous, 
a  little  emp}rreumatic  oil,  and  a  great  deal  of  carbonic  acid 

•  Vaoquelin  has  applied  this  property  of  nitric  acid  to  detect  starch 
in  vegetables.  He  digested  the  substance  under  examination  in  diluted 
nitric  acid  for  two  days,  and  then  poured  into  the  solution  alcoboL  Th« 
starch  precipitated.     See  Ann.  de  Chim.  Ir.  C8^ 

f  Scheele,  Crell's  Annals,  ii.  14.  English  Trans. 
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Book  IV.   and  carbureted  hydrogen  gas.     The  charcoal  which  re» 
^""■v""^  mains  is  easily  dissipated  when  set  on  fire  in  the  open  air; 
a  proof  that  it  contains  very  little  earth.     When  starch  is 
torrified  in  a  flat  vessel  till  it  assumes  a  grey  colour  it  be- 
comes partly  soluble  in  water,  and  if  the  torre&ction  be 
continued  till  the  starch  becomes  brown  it  is  wholly  solubk 
in  cold  water.    The  solution  is  glutinous,  and  may  be  ap- 
plied to  most  of  the  purposes  of  gum. «.  But  tannin  stiD 
continues  to  precipitate  it ;  a  proof  that  it  has  not  been 
converted  into  gum ;  but  merely  undergone  an  altemtion 
which  renders  it  soluble. 
ConsUttt-        12.  Three  sets  of  experiments  have  been  made  in  order 
^^^l       to  determine  the  constituents  of  starch.    Gay-Lussac  and 
Tlienard  burnt  a  quantity  of  wheat  starch  made  up  into  a 
paste  with  chlorate  of  potash,   and  ascertained  die  sub- 
stances formed.    According  to  their  experiments  100  parts 
of  wheat  starch  are  composed  of 

Hydrogen 6*7*7 

Carbon 43-55 

Oxygen.  ....•••.  49*68 

100-00* 

M.  Tlieodore  de  Saussure  analysed  wheat  starch  by  burn- 
ing it  in  oxygen  gas,  ascertaining  the  proportion  of  oxygen 
gas  consumed,  and  the  quantity  of  carbonic  acid  gas 
formed.  According  to  him  100  parts  of  starch  are  com- 
posed of 

Azote   0*40 

Hydrogen 5*90 

Carbon 45*39 

Oxygen.  •• 48*31 


^ 


100-OOt 

Professor  Berzelius  analysed  a  quantity  of  potatoe  staidi 
by  burning  it  along  with  chlorate  of  potash,  and  using  va- 
rious precautions  to  ensure  an  accurate  result.  According 
to  his  experiments  100  parts  of  potatoe  starch  are  compossd 
of 

•  Recherches  Phjsioo-chimiques,  ii.  291. 
t  Annali  of  Philoiopby,  vi.  4Sr. 
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Hydrogen 7*06G  Chap.  I.^ 

Carbon 43-481 

Oxygen 49*455 

100-000* 


» 


be  able  from  these  experiments  to  determine  the 
itation  of  starch,  it  is  requisite  to  know  tlie  equivalent 
»er,  denoting  the  weight  of  it  which  enters  into  com- 
ions.  Berzelius  united  it  with  oxide  of  lead  by  digest- 
n  excess  of  subnitrate  of  lead  in  a  boiling  solution  of 
1  in  water.  The  precipitate  was  washed  repeatedly  in 
ig  water,  in  order  to  remove  any  excess  of  subnitrate 
kd  that  might  be  contained  in  it«  The  amylate  of  lead 
Ebrmcd  was  composed  of 

Starch 72   ....  100       • .  • .  36 

Oxide  of  lead . .  28    ....  38*89    ....  14 

8  compound  consisted  of  1  atom  of  starch,  united  with  1 
of  oxide  of  lead,  the  weight  of  an  atom  of  starch  will 
•  But  it  is  more  probable  from  the  process  employed 
m  it  that  it  is  a  binamylatc  of  lead,  or  a  compound  of 
ms  starch  and  1  atom  protoxide  of  lead.  On  this  sup- 
on  an  atom  of  starch  must  weigh  18.  The  nearest 
ler  to  this  formed  of  the  requisite  proportion  of  atoms 
rrespond  with  tlie  preceding  analyses  is  1 7'75.  If  wc 
der  this  as  the  weight  of  an  atom  of  starch  it  constitu- 
will  be 

10  atoms  hydrogen.  ..  =  1-25    ....     7*04 

10  atoms  carbon =s  7*50   ....  42*25 

9  atoms  oxygen =  9*00   ....  50-71 

^  17*75  100-00 

,  Starch  is  contained  in  a  great  variety  of  vegetable  Plants  con- 
ances ;  most  commonly  in  their  seeds  or  bulbous  roots,  ^'^'"S  »*• 
ometimes  also  in  other  parts.     Mr.  Parmentier,  whose 
[iments  have  greatly  contributed   towards  an  accurate 
'ledge  of  starch,  has  given  us  the  following  list  of  the 
1  from  the  roots  of  which  it  may  be  extracted : 

•  Aonsli  of  Philosophy,  v.  073. 
G  2 
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Book  TV.   Arctium  lappa.  Imperatoria  ostrutheum. 

^ — v**^  Atropa  belladonna,  Hyoscyamus  niger. 

Polygonum  bistorta.  Rumex  obtusifolius. 

Bryonia  alba.  acutus. 

Colchicum  autumnale.  aquaticus. 

Spifaea  filipendula.  Arum  maculatum. 

Ranunculus  bulbosus.  Orchis  mascula. 

Scrophularia  nodosa. "  Iris  pseudacorus. 

Sambucus  ebulus.  foetidissima, 

nigra.  Orobus  tuberosus. 

Orchis  morio.  Buniuni  bulbocastanum. 

It  is  found  also  in  the  following  seeds : 

Oats.  Millet.  Peas. 

Rice.  Chesnut,  Beans, 

Maze.  Horse-chesnut  Acorn. 

Indeed  the  greater  number,  if  not  the  whole,  of  the  vege- 
table seeds  employed  by  man  as  an  article  of  food,  consists 
chiefly  of  starch.  But  that  substance  is  always  combined 
with  some  other  which  serves  to  disguise  its  properties; 
such  as  sugar,  oil,  extractive,  &c.  It  is  only  by  processes 
similar  to  those  described  in  the  beginning  of  this  Section 
that  it  is  extracted  from  these  substances  in  a  state  of  tole- 
rable purity.  The  foUoanng  substances,  which  may  be 
considered  as  varieties  of  starch,  deserve  particular  atten- 
tion. 

1.  Potatoe  Starch. 

Potatoe  When  the  potatoe  is  grated  down  to  a  pulp,  and  placed 

on  a  fine  searce,  if  water  be  poured  on  it,  a  great  deal  of 
starch  passes  through  the  meshes  of  the  scarce,  and  may  bt 
collected  in  proper  vessels.  When  washed  with  water  and 
dried,  it  assumes  a  fine  white  colour,  and  possesses  all  the 
essential  properties  of  starch.  Indeed  it  goes  much  further; 
a  smaller  quantity  being  sufficient  to  form  a  thick  paste 
with  water  than  is  required  of  wheat  starch.  It  has  a  very 
perceptible  crystallized  appearance,  and  is  much  heavier 
apparently  than  common  starch.  It  is  not  likely  therefore 
that  it  could  be  employed  with  the  same  advantage  as  a  hair 
powder. 

2.  Sago. 

;Sa|o.  This  substance  is  extracted  from  the  pith  of  several  $p^ 
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des  of  palm  in  the  Moluccas,  Philippines,  and  other  East    Chap.  I. 

Indian  islands.  The  palm  is  cut  into  pieces  of  five  or  six  ^"v-*^ 
feet  in  length :  the  woody  part  is  cut  oii'  one  side,  exposing 
the  pith  lying,  as  it  were,  in  the  hollow  of  a  canoe.  Cold 
water  is  poured  in,  and  the  pith  well  stirred ;  by  which 
means  the  starch  is  separated  from  the  fibrous  part, 
and  passes  through  with  the  water  when  the  whole  is 
thrown  on  a  scarce.  The  sago,  thus  separated,  is  allowed 
to  settle ;  the  water  is  poured  off;  and  when  it  is  half  dry 
it  is  granulated,  by  being  forced  through  a  kind  of  funnel. 
It  is  said  to  acquire  its  grey  colour  while  dried  in  an  artifi- 
cial heat.  This  substance  is  employed  as  an  article  of  food, 
and  its  nourishing  properties  are  well  known.* 

3.  Salop. 

This  substance  comes  from  Persia ;  but  is  said  also  to  be  Salop. 
manufactured  in  Europe.  It  is  supposed  to  be  the  prepared 
roots  of  different  species  of  orchis^  as  the  morio^  mascula^ 
bifoliOf  pyramidaUs.  According  to  Moult,  the  bulbous  roots 
of  these  plants  are  deprived  of  their  cuticle,  baked  in  an 
oven  for  10  or  12  minutes,  which  gives  them  the  semitrana- 
parency,  and  then  fiilly  dried  in  a  moderate  heat.f  Like 
sago,  Salop  is  used  only  as  a  nourishing  article  of  food.  It 
is  said  by  Dr.  Perdval  to  have  the  property  of  concealing 
the  taste  of  salt  water.]: 

4.  Cassava  or  Tapioca, 

As  it  is  called,  is  prepared  firom  the  roots  of  ihejatropha  CanaTa. 
manihatf  an  American  plant.  They  are  peeled  and  sub- 
jected to  pressure  in  a  kind  of  bag  made  of  rushes.  The 
juice  that  is  forced  put  is  a  deadly  poison,  and  is  employed 
by  the  Indians  to  poison  their  arrows;  but  it  deposits  gra- 
dually a  white  starch,  which  when  properiy  washed  is  in- 
nocent. What  remains  in  the  bag  consists  chiefly  of  the 
same  starch.  Jt  is  dried  in  smoke,  and  afterwards  passed 
through  a  kind  of  sieve.  Of  this  substance  the  cassava 
bread  is  made. 

5.  Sowans. 

This  very  nutritious  article  of  food  is  made  in  thia  oomiF  Sowant. 

«  Forest's  Voyage,  p.  39.  t  Phil.  Trans,  lit.  9. 

I  Phil.  Mag.  xvUi.  161. 
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Book  IV.  try  from  the  husk  of  oats,  by  a  process  not  unlike  that  by 
which  common  starch  is  made.  The  husk  of  the  oat 
(called  seeds)  is  separated  from  oat-meal  by  the  sieve.  It 
still  retains  a  considerable  portion  of  farinaceous  matter. 
It  is  mixed  with  water,  and  allowed  to  remain  for  some 
jdays  till  the  water  has  become  sour.  The  whole  is  then 
thrown  upon  a  sieve.  The  milky  water  passes  through; 
but  all  the  husk  remains  behind.  The  water  thus  obtained 
is  loaded  with  starchy  matter,  which  soon  subsides  to  the 
bottom.  The  sour  liquor  is  decanted  ofi^  and  about  an 
equal  quantity  of  fresh  water  added.  This  mixture  when 
boiled  forms  a  very  nourishing  artide  of  food ;  and  the 
portion  of  the  sour  water  which  still  adheres  to  the  starch 
gives  the  whole  a  pleasant  acidity. 

It  is  cui'ious  enough  that  the  starch-maker*s  water,  not- 
withstanding the  great  quantity  of  acid  which  it  contains, 
likewise  the  still  sourer  water  of  sowans,  are  swallowed 
greedily  by  hogs.    They  &tten  upon  it. 


SECT.  XVIII. 

OF   INDIGO. 


This  valuable  pigment,  one  df  the  capital  manufactures 
of  America,  is  obtained  from  tlic  leaves  of  different  species 
of  plants ;  the  indigofera  argentea  or  wild  indigOy  which  is 
said  to  yield  the  finest  pigment,  but  in  smallest  quantity; 
the  indigofera  disperma  or  GiiaHmala  indigo  ;  and  the  iWi- 
gafera  tinctoria  or  French  indigo,  which  yields  the  greatest 
quantity  of  indigo,  and  is  therefore  preferred  by  the  planter, 
though  its  quality  be  inferior  to  the  indigo  obtained  from 
Manure-  tlie  other  species.*  For  the  first  accurate  account  of  the 
mode  of  preparing  indigo  from  these  plants,  we  are  in* 
debted  to  Labatf  Since  his  time  some  improvements  have 
been  introduced  into  the  manufacture;   but  the  mode  of 

•  Edward's  History  of  the  West  Indies,  ii.  275;  and  BerthoUet, 
Bleineiis  de  la  Teinture,  ii.  37. 

f  See  his  acoovnt  dHmled  by  Dr.  Lewia  in  Neumaon's  Chemistry, 
p.  435. 
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rearing  the  plants  still  continues  the  same.  In  the  West  Chap.i. 
Indies  the  seeds  are  sown  in  March,  in  trenches  about  a 
Soot  asunder,  and  the  plant  comes  into  blossom,  and  is  fit 
for  cutting  down  in  May ;  but  in  South  America  about  six 
months  elapse  before  it  can  be  cut  In  the  West  Indies 
fbur  cuttings  are  oflen  obtained  in  the  same  plant  in  the 
course  of  a  year;  but  in  America  never  more  than  two, 
^nd  oflen  only  one.  The  produce  continually  diminishes 
after  the  first  cutting ;  so  that  it  is  necessary  to  renew  the 
plants  from  seed  every  year. 

The  plants  are  cut  down  Vith  sickles,  and  laid  in  strata 
in  the  steeper^  till  it  is  about  three  parts  full.  This  is  a 
large  cistern  of  mason  work  or  wood  about  16  feet  square. 
Here  they  are  pressed  down  with  planks,  and  loaded  to 
prevent  them  from  swimming,  and  covered  with  water  to  the 
height  of  fbur  or  five  inches.  Here  they  ferment ;  and 
the  utmost  attention  is  required  to  the  process.  If  they  be 
allowed  to  remain  too  long,  the  pigment  is  spoiled ;  and  if 
the  water  be  drawn  off  too  soon,  much  of  the  indigo  is 
lost.  This  fermentation,  according  to  Le  Blond,  goes  on 
best  at  the  temperature  of  80^.  Tlie  water  soon  becomes 
opaque,  and  assumes  a  green  colour;  a  smell  resembling 
that  of  volatile  alkali  is  exhaled,  and  bubbles  of  carbonic 
acid  arc  emitted.*  When  the  fermentation  has  con- 
tinued long  enough,  the  liquor  is  let  out  into  a  second  cis- 
tern, placed  lower  than  the  first.  This  cistern  is  called  the 
battery  J  and  is  commonly  about  12  feet  square  and  four 
and  a  half  deep.  Here  it  is  agitated  for  15  or  20  minutes 
by  means  of  levers  moved  by  machinery,  till  the  flocculi, 
beginning  to  separate,  give  it  a  curdled  appearance.  A 
quantity  of  lime  water  is  now  poured  in,  and  the  blue  floc- 
culi are  allowed  to  subside.  The  lime  water  is  supposed  to 
prevent  putrefaction,  which  otherwise  might  endanger  the 
jngment;  and  according  to  Le  Blond,  it  absorbs  carbonic 
add,  which  existed  in  the  liquid,  and  prevented  the  indigo 
from  separating.  The  water  is  drawn  off,  and  the  pigment 
put  to  be  draii^ed  in  small  linen  bi^ ;  afler  which  it  is  put 
into  little  square  boxes,  and  alowed  to  dry  in  the  shade.f 

Eurqpe  was  long  supplied  with  indigo  from  the  Wfst 

*  Jtnx,  de  Phys.  xxxviii.  141. 

t  Sdwaid's  History  of  the  West  IndieS;  ii.  9^%. 
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Book  IV.  Indies  and  Anjerica;  but  of  late  the  tnaxiufacture  lias  been 
iiitrcxluced  into  Indostan,  and  carried  on  with  such  spirit 
and  success  as  promises  fair  to  secure  to  that  country  in 
future  the  supply  of  the  European  market.  * 

The  leaves  of  the  indigofera  yield  a  green  infusion  to  hot 
water,  and  a  green  powder  may  be  precipitated  from  it; 
but  unless  a  fermentation  has  taken  place,  neither  the  co- 
lour nor  properties  of  it  have  any  resemblance  to  indigo. 
Le  Blond  affirms  that  the  contact  of  air  is  necessary  to  the 
fermentation  of  indigo;  but  his  proofs  are  insufficient. 
The  separation  of  carbonic  mud  is  a  sufficient  proof  that 
chemical  decompositions  are  going  on  during  the  fermai- 
tation;  but  of  what  nature  we  are  ignorant. 

The  indigofera  is  not  the  only  genus  of  plants  from  which 
indigo  may  be  obtained.  Dr.  Roxburgh  first  drew  the 
attention  of  manufacturers  to  the  nerium  tinctcrum^  a  tree 
very  common  in  ludostan,  from  the  leaves  of  which  it  may 
be  extracted  in  abundance.  His  process  is  shorter.  The 
leaves  are  kept  in  a  copper  full  of  water,  supported  at  the 
temperature  of  160^,  till  they  assume  a  yellowish  hue,  and 
the  liquid  acquires  a  deep  green  colour.  The  liquid  is  then 
drawn  ofi^  agitated  in  the  usual  manner,  and  the  indigo 
thrown  down  by  lime-water.f 

Indigo  may  be  obtained  also  from  the  isatis  tinctorial  or 
%voad;  a  plant  commonly  enough  cultivated  in  Britain,  and 
even  found  wild  in  England.^  When  arrived  at  maturity, 
tliis  plant  is  cut  down,  washed,  dried  hastily  in  the  sun, 
ground  in  a  mill,  placed  in  heaps,  and  allowed  to  ferment 
for  a  fortnight.  It  is  then  well  mixed,  and  made  up  into 
balls,  which  arc  piled  upon  each  other,  and  exposed  to  the 
wind  and  sun.  In  this  state  they  become  hot,  and  exhale 
a  putrid  ammoniacal  smell.  The  fermentation  is  promoted, 
if  necessary,  by  sprinkling  the  balls  with  water.  When  it 
has  continued  for  a  sufficient  time,  the  woad  is  allowed  to 
fall  to  a  coarse  powder;  in  which  state  it  is  sold  as  a  dye- 
stuif.  By  treating  woad  nearly  in  the  same  manner  with 
the  indigq/erq,  indigo  has  been  obtained  from  it  by  diflFer- 

*  See  Tenant's  Indian  RecreatioDs,  ii.  142. 
t  Bancroft  on  Permanent  Colours,  p.  423. 

X  Some  think  that  this  is  the  plant  with  which  the  ancient  Britons 
stained  their  bodies,  to  make  them  appear  terrible  to  their  enemies. 
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ent  chediistsl    Justi  *  was  one  of  the  first  of  these.  Borth    Chap.  I. 
published  a  paper  on  the  subject  in  1754,+  Kulencamp^  ^"""V*^ 
in  1755,  and  £del$  a  third  in  1756.     And  several  expe- 
riments on  the  subject  have  been  published  in  Germany.  || 

Chevreul  obtained,  by  digesting  ivoad  in  alcohol,  and 
evaporating  the  solution,  white  crystalline  grains,  which 
gradually  became  blue  when  exposed  to  the  atmosphere^ 
and  assumed  the  usual  appearance  of  indigo.  These  white 
grains  he  considers  as  indigo  destitute  of  oxygen.  Their 
crj'stallized  state  is  remarkable.** 

The  method  of  preparing  indigo,  and  of  applying  it  to  History. 
the  purposes  of  dyeing,   seems  to  have  been  very  early 
known  in  India ;  but  in  £urope,  though  it  had  been  oc- 
casionally used  as  a  paint,tt  ^ts  importance  as  a  dye-stuff 
was  not  understood  before  the  middle  of  the  16th  century. 
It  is  not  even  mentioned  in  Plictho,  a  celebrated  work  on 
dyeing  published  in  Italy  in  1548.     The  Dutch  were  the 
people  w;ho  first  imported  it  from  India,  and  made  its  im- 
portance known  in  Europe*     Even  as  late  as  the  middle  of 
the  seventeenth  century,  its  use  was  restricted  in  different 
countries.     It  was  prohibited  in  England  during  the  reign 
of  Queen  Elizabeth ;  and  the  prohibition  was  not  taken  off 
till  the  reign  of  Charles  II.     It  was  prohibited  also  in 
Saxony.     In  the  edict  it  is  spoken  of  as  a  corrosive  sub- 
stance, and  called  food  for  the  DeuiL     Colbert  restricted 
the  French  dyers  to  a  certain  quantity  of  it.Jf     Soon  after 
its  importance  began  to  be  generaUy  understood,  it  was 
cultivated  in  Mexico  and  the  West  Indies  with  such  suc- 
cess that  the  indigo  from  these  countries  was  preferred  to 
every  other ;  but  within  these  few  years  the  East  Indian 
indigo,  owing  entirely  to  the  enlightened  exertions  of  some 
of  our  own  countrymen,  has  recovered  its  character,  and 
is  now  imported  in  considerable  quantities  to  Britain. 

Indigo  is  a  fine  Ught  fiiable  substance  of  a  deep  blue  properties;. 
colour.     Its  texture  is  very  compact,  and  the  shade  of  its 
soifBice  varies  according  to  the  manner  in  which  it  has  been 

*  Sdireber's  Sammlangeny  i.  68.  f  In  the  Halle  Newspaper. 

I  Scbreber's  Samml.  Tiii.  448.  §  De  Indo  Germanico  ex  Glasto. 

II  See  Saltier^  Schweigger's  Jour.  iii.  417  ^  Gehlen,  ibid.  v.  191,  and 
vi.'  1,  and  viii.  136. 

••  Jour,  de  Phys.  Ixvi.  373.  ft  Plinii,  Lib.  xxxv.  c.  6. 

ft  See  Bancroft  on  Pemaaneot  Colours,  and  Berthollet  on  Dyeing. 
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Book  IV.  ()ref)ared.  The  principal  tints  are  copper,  violet,  mad  blae; 
the  lightest  indigo  is  d^e  best :  but  it  is  always  more  or  leas 
mixed  with  foreign  substances,  partly  owing,  doubtless  to 
the  carelessness  of  the  preparation,  and  partly  to  the  bodies 
which  the  plant  containing  indigo  yields  to  water.  From 
the  analysis  of  Bergman,  to  whom  we  are  indebted  for  <mc 
of  the  most  complete  treatises  on  the  properties  of  indigo 
which  has  yet  appeared,  the  purest  indigo  which  he  couM 
procure  was  composed  of  the  following  constituents : 

47  pure  indigo 

12  gum 
6  resin 

22  earth 

13  oxide  of  iron 


100* 

The  earth  consisted  of 

10*2  barytcs 
10*0  lime 
1*8  silica 


'SS-Ot 

But  in  all  probality  the  earth  differs  in  different  speci- 
mens ;  for  Proust  found  magnesia  in  considerable  quantity 
in  the  specimens  which  he  examined.^  The  47  parts  of 
blue  pigment  are  alone  entitled  to  tlie  name  of  indigo ; 
and  to  them  therefore  we  shall  confine  our  attention  in  this 
section. 

Chevreul  has  lately  published  tlie  result  of  his  experi- 
ments on  Guatimala  indigo,  which  shows  that  the  indigo 
of  commerce  is  a  still  more  complex  substance  than  Berg- 
man found  it. 
Comtitu-         Hot  water  digested  on  indigo  became  yellow.      This 
common     liquid  being  distilled  gave  out  anunonia,  and  let  fall  a 
indigo.       greenish  matter  which  became  blue  upon  exposure  to  the 
air,    and  possessed  the  properties  of  indigo.     After  this 
matter  has  separated,  flocks  precipitated  of  a  green  colour, 
to  which  Chevreul  has  given  the  name  of  green  matter.     It 
is  scarcely  soluble  in  wntt^r,  but  dissolves  in  alkaline  leya 

•  Bergman,  v.  36.  |  Ibid.  v.  33, 

X  NicboUou's  Journal,  iii.  3I26* 
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aod  beoomen  reddish.  When  the  alkali  is  saturated  by  an  Chap.  i. 
acid  tlie  colour  becomes  greeny  and  when  the  liquid  is  ^^""v*^ 
concentrated  the  green  matter  precipitates  in  flocks.  Alco- 
hol dissolves  it  and  becomes  reddish ;  but  when  spread  thin 
upon  any  substance  it  still  looks  green.  Alcohol  being 
poured  into  the  water  from  which  ihe  green  matter  had  pre- 
cipitated, a  substance  fell  of  a  brownish-yellow  colour  and 
a  bitter  and  astringent  taste,  and  which  burnt  on  coals, 
emitting  the  odour  of  empyrcuniatic  vinegar. 

The  indigo  thus  treated  was  digested  in  alcohol.  The 
alcohol  dissolved ;  1.  green  matter  ;  2.  red  matter;  S.  indigo. 
The  red  matter  agrees  with  the  green  in  all  its  pitipertics 
except  colour.  The  colour  does  not  change  by  solution  in 
alkaline  leys  and  alcohol. 

The  indigo  in  the  third  place  was  treated  with  muriatic 
add  which  dissolved,  1.  iron;  2.  carbonate  of  lime;  3.  red 
matter. 

The  following  table  exhibits  the  substances  taken  from 
Guatimala  indigo  by  these  processes,  and  of  consequence 
its  composition: 

{ammonia 
disoxygenized  indigo  ....  12 
green  matter 
bitter  matter 

r  green  matter SO 

Alcohol <   red  matter 

L  indigo 

Muri«ic«»d4sJcr.;fii-^: :::;::  t 

oxide  of  iron  and  alumina    2 

silica 3 

pure  indigo 45 

Total....  100 

All  indigos  do  not  yield  the  same  substances  nor  the 
same  proportions.  In  some  the  green  matter  has  a  brown 
colour.* 

Indigo  is  a  soft  powder,  of  a  deep  blue  inclining  (o  Action  of 
purple,  without  either  taste  or  smell.     It  undergoes  no 
change  though  kept  exposed  to  the  air.     Water  does  not 
dissolves  any  part  of  it,  nor  produce  any  cliangc  upon  it. 

•  Cbevreul,  Joor.  de  Phys.  Ixv.  309. 
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Book  IV.  Bergman  however  found,  that  indigo,  when  kept  long 
under  water,  underwent  a  kind  of  putrefaction,  or  at  least 
exhaled  a  fetid  odour.*  When  hwt  is  applied  to  indigo  it 
emits  a  bluish-red  smoke^  and  at  last  bums  away  with  a 
very  faint  white  flame,  leaving  behind  it  the  earthy  parts 
in  the  state  of  ashes.!  The  purple  smoke,  as  Chevreul 
ascertained,  crystallizes  in  needles,  and  is  indigo  unaltered. 
Hence  the  easiest  method  of  obtaining  pure  indigo  is  to 
sublime  it  in  a  platinum  crucible. 

lleither  oxygen  nor  the  simple  combustibles  have  any 
efiect  upon  indigo,  except  it  be  in  a  state  of  solution ;  and 
the  same  remark  applies  to  the  metallic  bodies. 
Of  alkaliei.  The  fixed  alkaline  solutions  have  no  action  on  indigo, 
except  it  be  newly  precipitated  from  a  state  of  solution.  In 
that  case  they  dissolve  it  with  fiurility.  The  solution  has  at 
first  a  green  colour,  which  gradually  disappears,  and  the 
'  natural  colour  of  the  indigo  cannot  be  again  restored. 
Hence  we  see,  that  the  alkalies  when  concentrated  de- 
compose indigo.j:  Pure  liquid  ammonia  acts  in  the  same 
way.  Even  carbonate  of  ammonia  dissolves  precipitated 
indigo,  and  destroys  its  colour;  but  the  fixed  alkaline  car- 
bonates have  no  such  efiect§ 

Lime-water  has  scarcely  any  effect  upon  indigo  in  its 
usual  state;  but  it  readily  dissolves  precipitated  indigo. 
The  solution  is  at  first  green,  but  becomes  gradually  yel- 
low. When  the  solution  is  exposed  to  the  air,  a  sligVi: 
green  colour  returns,  as  happens  to  the  solution  of  indigo 
in  ammonia;  but  it  soon  disappears. ||  The  effect  of  the 
other  alkaline  earths  upon  indigo  has  not  hitherto  been 
tried ;  but  it  cannot  be  doubted  that  they  would  act-nearly 
as  lime-water,  but  with  more  energy.  The  other  earths 
seem  to  have  but  little  action  on  indigo  in  any  state. 

The  action  of  the  acids  upon  indigo  has  been  examined 
with  most  attention,  and  it  certainly  exhibits  the  most  im- 
portant phenomena. 

When  diluted  sulphuric  acid  is  digested  over  indigo,  it 
produces  no  effect  except  that  of  dissolving  the  impurities; 
but  concentrated  sulphuric  acid  dissolves  it  readily.  One 
part  of  indigo,  when  mixed  with  eight  parts  of  sulphuric 


larths. 


Ackb. 


Sulphuric 
icid. 


•  Opusc.  V.  29. 
§  Ibid. 


t  Ibid.  p.  31. 
11  Ibid.  25. 


:  Ibid.  24. 
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acid,  evolves  heat,  and  is  dissolved  in  about  24  hours,    chap.  i. 
The  solution  of  indigo  is  well  known  in  this  country  by  the  ^^— v~^ 
name  of  liquid  blue.     Bancroft  calls  it  sulphate  of  indigo. 
While  concentrated,  it  is  opaque  and  black ;  but  when  di- 
luted, it  assumes  a  fine  deep  blue  colour,  and  its  intensity 
is  such,  that  a  jingle  drop  of  the  concentrated  sulpliatc  is 
sufficient  to  give  a  blue  colour  to  many  pounds  of  water.* 
Bergman  ascertained  the  effect  of  different  reagents  on  this  Effect  of 
solution  with  great  precision.    His  experiments  threw  light,  o^^^i 
not  only  on  the  properties  of  indigo,  but  upon  the  phe-  phatc. 
nomena  that  take  place  when  it  is  used  as  a  dye-stuff.    The 
following  is  the  sum  of  these  experiments : 

1.  Dropped  into  diluted  water.     No  change. 

2.  Dropped  into  sulphurous  acid.  Ck>lour  at  first  blue, 
then  green,  and  very  speedily  destroyed. 

3.  In  weak  nitric  acid  it  experiences  no  change. 

4.  In  muriatic  acid.     No  change. 

5.  In  weak  tartaric  acid.  Becomes  gradually  green  and 
in  144  hours  had  assumed  a  very  pale  yellow  colour. 
Colour  not  restored  by  alkalies. 

6.  In  vinegar.  Becomes  green,  and  in  four  weeks  the 
colour  disappeared. 

7.  In  weak  potash.     Becomes  green  and  then  colourless. 

8.  In  weak  carbonate  of  potash.  The  same  changes, 
but  more  slowly.  If  the  solution  be  very  weak,  the  colour 
of  the  indigo  is  not  destroyed. 

9.  Soda.     The  same  as  potash. 

10.  In  ammonia  and  its  carbonate.  Colour  becomes 
green,  and  then  disappears. 

11.  In  a  weak  solution  of  sulphate  of  soda.  Colour 
after  some  weeks  becomes  green. 

12.  In  nitre,  common  salt,  and  sal  ammoniac.  No 
change. 

13.  In  tartrate  of  potash.  Became  green  and  then 
colourless. 

14.  In  a  solution  of  sugar.  Became  green  and  at  last 
yellowish. 

15.  In  alum.     No  change. 

16.  In  sulphate  of  copper.    No  change. 

*  Bei^iD,  V.  7. 
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Book  IV.       17.  In  sulphate  of  iron.     Colour  became  green,  and  in 
^"■"V^  three  weeks  disappeared. 

18.  In  the  sulphurets.     Colour  destroyed  in  a  few  hours. 

19.  Realgar,  white  oxide  of  arsenic,  and  orpiment, 
produced  no  change. 

20.  Black  oxide  of  manganese  destroyed  the  colour 
completely. 

21.  In  the  infusion  of  madder.  Colour  became  green, 
and  at  last  yellow. 

22.  In  the  infusion  of  woad.  The  same  changes^  but 
more  speedily.  • 

Blue  colour  From  these  experiments,  it  is  obvious  that  all  those  sub« 
owing^to  stances  which  have  a  very  strong  affinity  for  oxygen  give  a 
oxygen,  green  colour  to  indigo,  and  at  last  destroy  it  iloice  it  is 
extremely  probable^  that  indigo  becomes  green  by  giving 
out  oxygen.  Of  course  it  owes  its  blue  colour  to  that  prin- 
ciple. This  theory  was  first  suggested  by  Mr.  Haussman, 
and  still  &rther  confirmed  by  BCTthoUetf  Now  it  is  only 
when  green  that  it  is  in  a  state  capable  of  being  held  in 
solution  by  lime,  alkalies,  &c.  in  which  state  it  is  applied 
as  a  dye  to  cloth.  The  cloth,  when  dipped  into  the  vat 
containing  it  thus  dissolved,  combines  with  it,  and  the  blue 
colour  is  restored  by  exposure  to  the  atmosphere.  It  may 
be  restored  equally  by  plunging  the  cloth  into  chlorine 
dissolved  in  water.  Hence  the  restoration  is  probably 
owing  to  oxygen.  Hence  then  the  reason  that  sulphurous 
acid,  the  vegetable  acids,  sulphate  of  iron,  give  sulphate  of 
indigo  a  green  colour. 

From  these  experiments,  we  see  also  that  the  colour  of 
indigo  is  destroyed  by  the  addition  of  those  substances 
which  part  with  oxygen  very  readily,  as  the  black  oxide  of 
manganese.  In  that  case  the  indigo  is  destroyed,  for  its 
colour  cannot  be  again  restored.  When  the  sulphate  of 
indigo  is  pom*ed  into  boiling  water,  it  affords  a  green-co- 
loured solution ;  but  with  cold  water  a  deep  blue  solution. 
What  is  called  smoking  sulphuric  acid  dissolves  indigo 
much  more  readily  than  the  pure  acid,  and  evolves  much 

♦  Bergmnn,  v.  8. 

+  Sec  Jour,  de  Thy?.  1788;  Berthollet's  Notes  on  Poemer  sur  TArt 
dc  Ift  Teinturc,  p.  173 ;  and  BertbolUt  on  Dyeing. 
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more  heat  during  the  solution.     BucLolz  has  shown,  that  Chap.  I. 
by  boiling  sulphur  in  pure  sulphuric  acid,  it  acquires  llie  '*'*'%^-*^ 
property  of  dissolving  indigo  as  readily  as  the  smoking 
acid.* 

Nitric  acid  attacks  indigo  with  great,  violence;  the  cvo- Action  of 
lution  of  abundance  of  heat  and  nitrous  gas.     When  of  the  "'   ^  ^ 
specific  gravity  1*52,  it  even  sets  fire  to  indigo.    ^Hiis  fact 
was  discovered  by  Mr.  Woulfe.     He  communicated  it  to 
Roudlcy  who  exhibited  it  in  his  lectures.     Sage  first  pub- 
h'sbed  an  account  of  itf     Wlicn  the  acid  is  diluted,  the 
action  is  still  violent,  unless  the  proportion  of  water  be 
considerable.    Mr.  Hatchett  poured  upon   100  grains  of 
indigo  an  ounce  of  nitric  acid  diluted  with  an  equal  quan- 
tity of  water.    The  action  was  so  rapid,  that  be  found  it 
necessary  to  add  another  ounce  of  water.     When  the  ef-  Forms  un- 
fervescence  had  nearly  subsided,  the  liquid  was  placed  on  a  °"'* 
sand  batii  for  some  days,  and  evaporated  to  dryness.  Water 
poured  upon  the  residuum  dissolved  a  considerable  portion 
of  it,  and  ibrmed  a  beautiful  deep  yellow  solution  of  an 
intense  bitter  taste.     This  solution  contains  only  a  very 
small  portion  of  oxalic  acid ;  but  with  a  solution  of  isin- 
^ass  it  forms  a  copious  yellow  insoluble  precipitate,  and  of 
course  contains  a  portion  of  artificial  tannin.     With  am- 
monia, crystals  precipitate,  consisting  of  bitter  principle 
combined  with  ammonia.  % 

When  four  parts  of  nitric  acid  are  boiled  upon  one  part  Bittet  pna- 
of  indigo,  the  pigment  soon  loses  its  colour,  and  is  dis-  ^'^^^^ 
solved.  The  solution  becomes  yellow,  and  a  thin  layer  of 
a  resinous  matter  appears  on  the  surfisu^.  If  the  process  be 
now  stopped,  the  resinous  matter  becomes  firm  by  cooling. 
If  this  matter  be  removed,  and  the  solution  evaporated  to 
the  consistence  of  honey,  redissolved  in  hot  water,  and  fil- 
tered, potash  throws  down  yellow  spicular  ci^'stals,  consist- 
ing of  bitter  principle  combined  with  potash.  These  crys- 
tals have  the  curious  property  of  detonating  with  a  purple 
light  when  wrapped  up  in  paper  and  struck  with  a  hammer; 
the  resin,  by  treating  it  with  fresh  nitric  acid,  may  be  con- 
verted into  the  same  bitter  principle.     If  the  process  be  And  ben- 

soic  acid. 

*  Qehlen's  Jour.  iii.  1.  f  Proust,  Nicholson's  Jonr.  iii.  328. 

X  Hatchelt*t   Additional  Experiments   on  Artificial  Tannin,  Pliil. 
Trans.  1805. 
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Bookiv.^  Stopped  sooner  than  the  point  mentioned  above,  yeDotir 
crystals  arc  obtained,  which  are  more  soluble  in  water,  and 
which  sublime  m  white  needles,  having  all  the  properties 
of  benzoic  acid.  These  curious  facts  were  ascertained  by 
Fourcroy  and  Vauquelin.* 

Thus  it  appears,  that  by  treating  indigo  with  nitric  acid, 
it  is  converted  into  tannin,  oxalic  acid,  benzoic  acid,  and 
bitter  principle. 
Action  of  Muriatic  acid  does  not  act  upon  indigo  in  its  common 
other  acids,  gtate^  but  it  readily  dissolves  indigo  precipitated  from  the 
sulphate,  and  forms  a  blue-coloured  solution.  The  same 
phenomena  are  exhibited  by  the  phosphoric,  acetic,  tartaric 
acid8»  and  probably  by  all  except  the  acid  6upporters.t 

Chlorine  destroys  the  colour  of  indigo  as  readily  as  nitric 
acid,  and  obviously  for  the  same  reason,  j: 

Alcohol  dissolves  a  small  proportion  of  indigo,  but  it 
gradually  precipitates  again  unless  red  matter  be  present,  in 
which  case  the  solution  is  permanent.§ 

Indigo  is  not  acted  upon  by  ether  or  oils^  at  least  if  the 
experiments  of  Bergman  be  accurate.  || 
Ferraenu-       When  indigo  is  mixed  up  with  bran,  woad,  and  other 
don.    .      similar  substances  which  readily  undergo  fermentation,  it 
assumes  a  green   colour  during  the  fermentation,  and  is 
then  easily  dissolved  by  lime  or  potash.     It  is  by  this  pro- 
cess that  it  is  usually  rendered  proper  for  dyeing. 
Action  of        When  indigo  is  distilled,  it  yields  products  different  from 
heat  any  other  vegetable  substance,  if  the  accuracy  of  Bergman 

is  to  be  trusted.  He  distilled  576  grains  in  a  small  retort 
connected  with  a  pneumatic  apparatus.  He  obtained  the 
following  products : 

19  grains  carbonic  acid  gas. 

173  of  a  yellow  acid  liquid  containing  ammonist. 

53  oil. 

331  —  charcoal. 


576  •• 

He  observed  no  other  gas  but  carbonic  acid.     The  ex- 
periment ought  to  be  repeated :  if  it  prove  true^  no  other 

*  Phil.  Mag.  xaiii.  250.  +  Bergman,  ▼.  23.  t  ^^^^* 

§  Chevreul,  Jour,  de  Phys.  Ixv.  809.  ||  Opuic.  ▼.  86. 

♦•  Bergman,  v.  35. 
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vegetable  substance  agrees  with  It  in  this  respect  except  Chip.i. 
gallic  acid.  The  oil  was  blacky  and  had  the  smell  of  to- 
bacoow  It  dissolved  readily  in  alcohoL  The  quantity  of 
charcoal  appears  enormous;  but  Bergman's  experiment 
was  made  with  common  indigo;  therefore  158  grains  of 
earth  and  iron  are  to  be  subtracted  from  the  sum.  This 
decomposition  indicates  the  preseqce  of  oxygen,  carbon^ 
hydrogen,  and  azote  in  indigo.  The  proportion  of  the  two 
first  constituents  is  uncommonly  great 

Chevreul  subjected  common  indigo  to  distillation.  The 
products  obtained  were^  1.  ammoniacal  water.  2.  Sulphur, 
probably  combined  with  oily  hydrogen.  S.  A  thick  brown 
oil  containing  carbonate  and  acetate  of  ammonia.  4.  Pru»- 
siate  and  hydrogureted  sulphuret  of  ammonia.  5.  A  purple 
substance  crystallized  in  silky  threads  on  the  dome  of  the 
retort  It  was  pure  indigo.  6.  A  bulky  charcoal  yielding 
prussjc  acid  when  coloured  with  potash.  7.  Gases  not  ex- 
amined. 

Such  are  the  properties  of  indigo,  as  far  as  they  have 
been  ascertained.  To  descant  on  its  importance  is  quite 
unnecessary.  It  is  perhaps  the  most  valuable^  and  certainly 
the  most  permanent,  of  all  the  dyenstuffi. 


SECTION  XIX. 

OF  GLUTEN. 


If  wheat  flour  be  kneaded  into  a  paste  with  a  little  water, 
it  forms  a  tenacious,  elastic,  sofl,  ductile  mass.  This  is  to 
be  washed  cautiously,  by  kneading  it  under  a  small  jet  of 
water  till  the  water  no  longer  carries  off  any  thing,  but 
runs  off  colourless;  what  remains  behind  is  called  gluten.  It 
was  discovered  in  1742  by  Beccaria,  an  Italian  philoso* 
pher,  to  whom  we  ate  indebted  for  the  first  analysis  of 
wheat  flour.* 

1.  Gluten,  when  thus  obtained,  is  of  a  grey  colour,  ex-  Propenjes* 
oeedingly  tenacious,  ductile,  and  dastic,  and  may  be  ex- 
tended to  twenty  times  its  original  length.  When  very  thin, 

*  CoUsct  Afisdem.  xiv.  1. 
VOX..  IV.  U 
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Boole  IV.  it  is  of  a  whitish  colour,  ktid  bad  k  good  deal  Uf  ires^mi- 
^— ^^^— ^  blance  to  animal  tendon  or  membrane.  In  this'  state  it 
adheres  very  tenaciously  to  other  bodite;  atid  has  oileh 
been  used  to  cement  together  brbkch  pieces  of  porcelain. 
Its  smell  is  peculiar.  It  has  scarce  any  taste,  aiid  ddes  tiot 
lose  its  tenadty  in  the  tnouth.  In  the  sur,  it  assonies  a 
brown  colour,  hnd  becomes  as  it  were  coveh^  with  a  coat 
bf  oil. 

When  exposed  to  the  air,  it  gradually  dricis;  and  when 
completely  dry,  it  is  pretty  h£U*d,  brittle,  slightly  tnmspa- 
rtat,  of  a  dark  brown  colour,  and  has  sotne  te^icjttiblancc 
\j6  glne.  tt  breaks  like  a  piet^e  of  glato,  ^d  tlie  edges  of 
the  fracture  i*escit)ble  in  smoothness  those  6f  broken  glass ; 
that  is  to  sa]f,  it  breaks  with  a  vitrecnis  fracture. 
Soluble  in  Fh»h  gluten  imbibes  \\-ater,  and  retains  a  cieHalh  qnftn- 
watcr.        ujty  of  jt  ^j^jj  'g,.e^^  obstinacy.    To.  this  wafer,  it  oW^  its 

dasticity  arid  tenacity;     Whtfti  boilied  in  watar  it  loses  bodi 
these  properties. 

2.  When  fresh  gluten  is  trfaccrated  for  a  c^sld^ble 
time  in  cold  water  the  liqtiid  bi^cMcs  op'dque,  ktid  coil- 
tuns  small  fihhs  suspended,  which  do  hot  soon  subside,  fiy 
repeated  filtrations  it  becomes  transparent;  t)nt  ft  holds 
in  solution  a  little  gluten,  which  renders  it  frothy,  and 
^ves  it  the  property  of  precipitating  when  mixed  witli 
(Jiilorine  or  the  infusion  of  nutgalls.  Thus  gluten  is  to 
a  certain  extent  soluble  in  cold  water.  When  the  water 
is  heated,  the  gluten  separates  in  the  state  of  yellow 
flakes.* 

When  kept  moist,  it  very  soon  begins  to  decompose,  and 
to  undergo  a  species  of  fermehtation.  It  si^ells,  and  emits 
air-bubbles,  which  Proust  has  asccrtaindtl  to  consist  Of  hy- 
drogen and  carbonic  acid  gascs.f  It  emits  also  a  Very  of- 
fensive odour,  similar  to  what  is  emitted  by  j)uti*eQring 
animal  bodies.  Cadet  kept  gluten  in  a  vessel  for  a  week  in 
a  damp  room.  Its  surface  became  covered  With  byssi,  the 
fermentation  just  mentioned  had  commenced,  and  iiie 
odour  was  distinctly  acid.  In  24  days,  on  removing  tlfe 
upper  crust,  the  gluten  was  foiAid  Converted  Into  a  Iciiid  of 
paste,  of  a  greyish  white  'colour,  not  unlike  bird-lidie.     ih 

•  Fourcroy  and  V'uuquelin,  Annales  de  Mus.  delist.  Nat.  No.  xxxfii. 
t»^.  +  Jour,  de  Phys.  Ivi,  108. 
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that  state  he  gave  it  the  name  oifermenU-d  gluten.^     If  the  Chap.  i. 
gluten  be  still  left  to  itseU,  it  gruUiuiUy  acquires  the  smell  ^] — v'"*^ 
and  the  taste  of  cheese.     This  curious  fact  was  hrst  ascer*  ^*^V?^'^''^ 
tained  by  Rouellc  junior.     In  tliat  state  it  is  fuil  of  holes^ 
and  contains  the  very  same  juices  which  distinguish  some 
kinds  of  cheese.     Proust  ascertained  tliat  it  contains  am- 
monia and  vinegar;  bodies  which  Vauquclin  detected  in 
cheese :  and  ammonia  robs  both  equally  of  their  smell  and 
flavour,  t 

Fourcroy  and  Vauquehn  have  examined  the  changes 
whidi  gluten  sustains  when  left  lor  some  months  to  putrify 
under  water.  When  left  in  that  liquor,  at  tJie  temj)erature 
of  54°,  it  swells,  becomes  sour  and  fetid,  and  rises  to  the 
surface,  giving  out  carbonic  acid.  The  water  ac(|uii'es  tlie 
property  of  givuig  out  a  red  colour  to  paper  stained  with 
litmus.  Tlie  fixed  alkalies  disengage  ammonia,  and 
chlorine  and  infusion  of  nutgalls  throw  down  a  precipi- 
tate, indicating  the  presence  of  gluten  in  solution.  When 
sugar  is  dissolved  in  this  water,  die  liquid  assumes  the  pro- 
perties of  vinegar,  without  fermentation  or  contact  of  the 
atmoq>here.  If  the  gluten  be  put  agaui  into  vator  at  the 
same  temperature,  the  ieniientation  goes  on,  carbonic  acid 
is  disengaged,  and  the  liquid  slightly  reddens  litmus  papa*. 
The  rei^ents  indicate  the  presence  of  gluten  and  aiiuiionia. 
The  gluten,  which  forms  a  pellicle  on  the  surtace  oi*  tlie 
liquid,  becomes  first  purple-coloured,  and  then  bhickish- 
grey,  and  exhales  tibie  fetid  odoiur  of  putrify ing  mucous 
membranes.  The  water  is  now  blackish ;  it  gives  a  browja 
colour  to  nitrate  of  silver,  blackens  nitrate  of  mercury,  be- 
comes milky,  and  loses  its  smell  when  mixed  with  chlorJUM^ 
and  is  not  precipitated  by  infusion  of  nutgalls.  Alter 
three  months  putrifaction,  the  glutei  was  greatly  dimi<- 
nisbed;  it  had  a  brown  colour,  and  exhaled  only  a  weak 
smelL  When  dried  it  formed  lumps,  which  emitted  tlip 
odour  of  the  earth  from  a  burial  ground.  They  soitc-ned 
under  the  fingers,  and  bunied  like  fat.  In  alcohol  it  partly 
diasolvadj  leaving  behind  it  a  substance  which  resenibled 
woody  fibre  in  its  properties.^:  Thus  by  putrifaction  gluteii 
is  converted  into  iXLrbonic  add^  Oinmonia,  a  fatty  mutter^  and 
41  substance  analogous  to  woody  fibre, 

*  Ann.  de  Chim.  sdi.  315.  f  Proust,  Jour,  de  Phys.  Ivi.  100. 

{  Ann.  d«  Mut.  d'HisL  Nat.  No.  xxxvii.  4. 
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ActioD  of 
tloohol. 


Acids. 


Book  IV.  S.  Fresh  gluten  does  Dot  sensibly  dissolve  in  alecAol, 
which  even  throws  it  down  from  water;  jet  in  certain 
cases  this  liquid  forms  a  solution  of  gluten  in  very  6mall 
proportion.  I  poured  two  ounces  of  alcohol,  of  the  spe- 
cific gravity  0*8879  upon  100  grains  of  pearl  barley 
ground  to  a  coarse  powder,  and  allowed  it  to  stand  un 
touched  for  two  years.  On  evaporating  the  liquid,  it  left 
behind  it  a  yellow  matter,  which  partly  resembled  an  oil. 
Alcohol  digested  upon  this  substance  took  up  the  yellow 
matter  and  left  gluten,  easily  recognizable  by  its  properties. 
On  trying  the  same  experiment  with  wheat  floor,  no  |^uten 
was  taken  up,  but  only  a  yellow  matter,  which  possessed  the 
properties  of  bitter  principle. 

When  the  fermented  gluten  of  Gidet  is  triturated  with  a 
little  alcohol  into  a  mucilage^  and  then  mixed  with  a  soflfi" 
dent  quantity  of  that  liquid,  a  portion  of  it  is  dissolved. 
This  solution  constitutes  an  excellent  varnish,  possessed  of 
considerable  elasticity.  It  may  be  spread  over  p^per  or 
wood;  and  when  dry  resists  other  bodies,  as  well  as  most 
varnishes.  In  this  state,  too,  it  may  be  employed  to  cement 
china;  and  triturated  with  paints,  especially  vq;etab]e 
colours,  it  forms  a  very  good  ground.  When  this  solution 
is  mixed  with  a  sufficient  quantity  of  lime,  it  forms  a  very 
good  lute;  and  bits  of  linen  dipped  in  it  adhere  very 
strongly  to  other  bodies.* 

4.  Ether  does  not  sensibly  dissolve  gluten. 

5.  Acids  act  upon  gluten  differently  according  to  the 
peculiar  properties  of  each. 

Concentrated  acetic  acid  dissolves  it  readily  in  consider- 
able quantity,  aind  without  altering  its  nature.  The  solution 
is  muddy,  but  permanent ;  and  die  gluten  may  be  thrown 
down  by  means  of  alkalies.  This  acid  dissolves  die  fer- 
mented gluten  of  Cadet ;  and  the  solution  may  be  substi- 
tuted for  the  solution  in  alcohol  as  a  varnish ;  but  it  does 
not  answer  to  mix  it  with  colours.f 

Concentrated  sulphuric  acid  renders  it  violet-coloured, 
and  at  last  black ;  inflammable  air  escapes,  and  charcoal, 
water,  and  a  portion  of  ammonia,  are  formed4  When 
nitric  acid  is  poured  on  it,  and  heat  applied,  there  is  a  quan- 


•  Csddt,  Ann.  do  Chim.  ili.  316. 
I  TouTQtoj,  Tii.  304. 


t  Ibid. 
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lity  cfuatic  gas  emitted,  as  BcrthoIIet  discovered;  and  by    Chip.  i. 
continiiiiig  the  heat,  some  little  oxalic  acid  is  formed,*  and  ^"^v*^ 
likewise  malic  add,  while  a  number  of  yellow-coloured  oily 
flakes  make  their  appearance  in  the  solution. 

Muriatic  acid  dissolves  gluten  with  facility  when  its  action 
is  assisted  by  heat.  ^Vhen  gluten  is  placed  in  chlorine  it 
softens,  and  seems  to  dissolve,  but  soon  coagulates  again  in 
yellow-ooloured  flakes,  which  become  transparent  and 
greenish-coloured  by  drying.  When  heated,  they  exhale 
chlorine^  and  assume  the  appearance  of  common  gluten.f 
Chlorine  has  the  property  of  precipitating  gluten  firom 
water  in  the  state  of  yellowish-white  flakes. 

6.  Alkalies  dissolve  gluten  when  they  are  assisted  by  Anudia. 
heat.    The  solution  is  never  perfectly  transparent.     Acids 
precipitate  the  gluten  from  alkalies,  but  it  is  destitute  <^its 
elasticity.:^     AlkaUes^  when  much  concentrated,  form  with 

it  a  kind  of  soap,  converting  it  into  oil  and  ammonia;  which 
last  is  dissipated  during  the  trituration. 

7.  Gluten  is  precipitated  from  water,  and  from  some  of  NutcalU, 
its  other  solutions,  by  the  infusion  of  nutgalls.     The  colour 

of  the  precipitate  is  usually  yellowish-brown,  and  it  does  not 
dissolve  though  the  solution  be  heated. 

8.  The  action  of  the  metallic  oxides  and  their  salts  upon 
gluten  has  not  been  tried. 

It  has  a  strong  affinity  for  the  colouring  matter  of  vege- 
tables, and  likewise  for  resinous  bodies. 

9.  When  moist  gluten  is  suddenly  dried,  it  swells  amaz-  Heit. 
ingly.    Dry  gluten,  vrhen  exposed  to  hent,  cracks,  swells, 
melts,  blackens,  exhales  a  fetid  odour,  and  burns  precisely 
like  feathers  or  horn.     When  distilled,  there  come  over 
water  impregnated  with  ammonia  and  an  empyreumatic 

oil ;  the  diarcoal  which  ronains  is  with  difficulty  reduced 
to  ashes. 

10.  The  properties  of  this  substance  clearly  point  out  a 
resemblance  between  it  and  animal  matter;  and  the  pheno- 
mena of  its  fermentation  and  destructive  distillation  show 
us  that  oxygen,  hydrogen,  carbon,  and  azote,  are  constitu- 
ents of  it.    Proust  first  observed  that  the  vapour  which  it 

*  Vmnqo^fi,  Ann.  de  Chim.  vi.  378. 

f  Fonrcroy  and  Vauquelin,  Ann.  de  Mtt9.  dUist.  Nat.  No.  zuTii.  9* 

f  Fourcroy. 
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Book  IV.  emiU^  while  fennenting,  blackens  silver  and  lead*  and  of 
^^*"v-*^  course  contains  sulphur. 

1 1 .  Like  all  other  vegetable  principles^  gluten  it  suacq>- 
dble  of  various  shades  of  properties,  which  coiutiUite  so 
many  spedes.  In  wheat  flour  it  occurs  in  the  gieatest 
abundance,  and  from  it  we  can  extract  it  with  the  greatest 
ease :  but  the  sagacity  and  industry  of  Rouelle  and  Proust 
have  detected  its  presence  in  many  other  vegetable  aubatan- 
oes.  Rouelle  found  it  in  the  leaves  of  all  the  viq^etable  sub- 
stances which  he  examined.  The  exactness  of  tfab  opinion 
was  called  in  question  by  Fourcroy,  who  treated  the 
experiments  of  Rouelle  with  contempt ;  bat  it  has  been 
examined,  and  confirmed  by  very  decisive  experimoits  of 
Proust. 
Green  fecu-  When'  the  joice  of  cabbage  leaver  cresses,  scarv]^-grass, 
ctuten^^"^  and  other  similar  plants,  is  extracted  by  pressure  and  passed 
through  a  cloth,  it  still  continues  far  firom  transparent.  Its 
muddiness  is  owing  to  a  fine  soft  silky-green  powder  sus- 
^nded  in  it,  which  subsides  to  the  bottom  so  slowly  as  to 
take  at  least  a  week  before  it  is  deposited.  This  green 
powder  has  been  distinguished  by  the  name  of  the  green 
feada  of  plante.  Rouelle  first  examined  it  widi  attention, 
nnd  ascertained  its  properties;  and  the  subject  has  been 
carried  still  farther  by  Proust.  '^The  slowness  with  which  it 
subsides  shows  that  its  specific  gravity  does  not  diflermuch 
irom  that  of  water.  When  once  it  has  fallen,  it  is  insolu- 
ble. This  substance  consists  chiefly  of  three  principles : 
1.  A  green  matter  to  which  it  owes  its  colour,  se|>arated  by 
digestion  in  alcohol,  and  which  possesses  the  prqierties  of  a 
resin,  2.  A  substance  whfch  consists  chiefly  of  woinfyj^bres, 
and  which  is  left  behind  when  the  fecula  is  digested  in 
potash.  3.  A  species  of  gluten,  which  constitutes  the 
greatest  part  of  it,  and  to  which  it  owes  its  characteristic 
properties. 

When  the  juice  of  the  plants  is  exposed  to  a  heat  of 
about  130%  the  green  fecula  undergoes  a  kind  of  coagula- 
tion, concreting  into  large  flakes,  which  subside  very 
quickly.  At  this  temperature  albumen  is  not  altered  by 
heat.  Tills  is  the  method  commonly  taken  to  clarify  these 
juices.  We  see  from  it,  that  the  fecula  was  united  to  the 
Water  by  a  very  small  force,  which  the  addition  of  heat 
weakened  sufficiently  to  enable  the  gluten  to  cohere.     This 
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coagulation  by  heat  takes  place  how  diluted  soever  the  Chap. 
juices  are  with  water ;  which  is  by  no  means  the  case  with  V^ 
albumen.  It  is  thrown  down  also  by  the  addition  of  a  little 
alcohol,  by  all  acids,  by  ammonia,  by  sulphureted  hydrogen 
gas,  or  by  throwing  into  the  liquid  crystals  of  carbonate  of 
potashj  magnesia,  common  salt,  muriate  of  potash,  nitre, 
sal  ammoniac,  &c. 

When  separated  from  water  it  soon  dries,  and  becomes 
elastic,  and  somewhat  of  the  appearance  of  horn ;  and  in 
tliat  state  is  scarcely  softened  by  hot  water.  When  treated 
like  gluten,  it  gradually  acquires  the  cheesy  taste  and  smell. 
When  kept  under  water  it  very  t^oon  begins  to  putrify,  and 
oxhales  a  gas  which  blackens  silver  and  solutions  of  lead, 
^riiis  speedy  putrifaction  in  stagnant  water  takes  place 
when  flax  and  hemp  are  steeped.  These  substances  contain 
green  fecula  in  their  rind,  and  the  putri&ction  occasions 
tlie  separation  of  the  whole,  which  could  not  otherwise  be 
accomplished.  Hie  water  which  has  been  allowed  to 
remain  for  a  whole  year  over  green  fecula  contains  sulphu- 
reted hydrogen,  carbonate  of  ammonia,  and  gluten  seem- 
ingly held  in  solution  by  the  ammonia.  The  stench  of 
putrifacUon  still  continues  even  after  the  water  has  bceu 
boiled.* 

12.  The  number  of  plants  containing  gluten  is  very  consi-  Plants  cr 
derable.  Proust  found  it  in  acorns,  chcsnuts,  horse-chesnuts,  ^'"'"S  s 
rue,  barley,  rye,  peas,  and  beans ;  and  in  apples  and  quinces. 
He  found  it  also  in  the  leaves  of  cabbage,  sedums,  cress,  hem- 
lock, borage,  saffron,  &c. ;  in  tlie  berries  of  the  elder,  the 
grape,  &c. ;  in  the  petals  of  the  rose,  &c.f  It  occurs  also 
in  several  roots :  Proust  could  find  none  in  tlic  potatoe. 

1^.  Gluten  must  be  considei-ed  as  one  of  the  most 
useful  of  the  vegetable  principles.  It  constitutes  an  essen- 
tial ingredient  in  wheat,  and  is  the  substance  which  renders 
flour  of  wheat  so  fit  for  forming  bread.  It  seems  also  to 
constitute  the  essential  part  of  yeast  Its  uses  as  a  varnish, 
a  ground  for  paint,  &c.,  pointed  out  by  Cadet,  likewise 
deserve  attention. 

Albumen  and  gluten  have  been  shown  by  Link  to  resemble 
each  otiier  so  closely  that  they  cannot  be  considered  as 
distinct  principles.:^ 

•  Proast,  Jour,  de  Phys.  Ivi.  or.  t  II***^* 

\  Aimals  of  Philosophy,  vii.  455. 
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^BodLlVj  SECT,  XX- 

OF  POLLBKIK. 

This  is  a  name  given  by  Dr.  John  to  a  peculiar  sub- 
stance found  in  the  pollen  of  thepmttf  abiesj  fmrns  sylvesiris^ 
lycopodiumclavatu$ny  and  supposed  by  him  to  constitute  the 
characteristic  constituent  of  ev^  species  of  pollen.  It 
seems  to  have  been  first  recognised  in  1806s  by  Budiolz,  in 
the  pollen  of  the  lycopodium.*  From  the  experimeots  of 
Fourcroy  and  Vauquelin,  it  •  spears  also  to  constitute  a 
portion  of  the  pollen  of  the  jdiGuiix  dactilifera.  John's 
analysis  of  the  pinus  sylvestris,  in  which  he  gives  the  cha* 
nicters  of  poUenin,  as  th^  had  been  previously  given  by 
BucholZ}  may  be  found  in  the  fourth  volume  of  his  Chemical 
Researches. 
Froperdes.  Pollenin  has  a  yellow  colour,  and  is  destitute  of  taste  and 
smell.    It  is  not  altered  by  exposure  to  the  air. 

It  is  insoluble  in  water,  alcohol,  ether,  &t  and  volatile 
oils,  and  likewise  in  petroleum. 

According  to  John  it  dissolves  in  alkaline  leys,  anfl  the 
|K)lution  has  a  brown  colour.  But  in  the  triab  of  Bocholz 
this  solution  did  not  take  place. 

When  exposed  to  the  heat  of  a  ckndle  it  bums  with  rapi- 
dity and  flame,  as  is  the  case  with  the  pollen  of  the  lyoopo- 
dium  davatum. 

When  exposed  to  the  air  it  speedily  assumes  the  smell 
and  taste  of  cheese,  and  soon  runs  into  the  putrifactive 
fermentation,  containing  a  considerable  quanti^  of  ammo- 
nia.    When  distilled  it  yields  a  good  deal  of  ammonia. 

The  remaining  properties  of  this  substance  have  not  been 
investigated.  It  is  obvious,  however,  from  the  preceding 
£ict6  that  pollenin  approaches  very  nearly  to  gluten. 
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OF  FIBRIH. 
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That  peculiar  substance  which  constitutes  the  fibrous 
part  of  the  muscles  of  animals  has  been  called  Jibrin  by 

*  GehWs/oar.  vi.  599. 
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ehemista.    A  substance  resembling  it,  as  it  exists  in  the   Chup.  i. 
bloody  has  been  detected  by  Vauquelin  in  the  juice  of  tlie  '^"v— ^ 
papaw  tree,    fibrin  then  must  be  ranked  among  vegetable 
substances. 

The  papaiv  tree^  the  carica  papaya  of  botanists,  grows  in  Found  ia 
Peru,  &C. ;  and  in  the  Isle  of  France,  where  the  milky  juice  P*.P"' 
that  exudes  from  it  is  said  to  be  employed  with  efficacy 
ngainst  the  Guinea-worm.  Two  specimens  of  this  juice 
were  brought  from  that  island  to  Paris  by  Charpentier  de 
Cossigny.  In  the  one^  the  juice  had  been  evaporated  to 
dryness,  and  was  in  the  state  of  an  extract;  in  the  other, 
the  juice  was  preserved  by  being  mixed  with  an  equal  bulk 
of  rum.  Both  were  subjected  to  a  chemical  analysis  by 
Vauqu^n.  The  first  was  of  a  yellowish-white  colour,  and 
semitransparent  Its  taste  was  sweetish.  It  had  no  smelly 
and  was  pretty  soh'd;  but  attracted  moisture  when  kept  in 
a  damp  place.  The  second  was  reddish-brown,  and  had 
the  smell  and  taste  of  boiled  beef.  Wlien  the  first  npeci- 
men  was  macerated  in  cold  water,  the  greatest  part  of  it 
dissolved.  The  solution  frothed  with  soap.  The  addition 
of  nitric  acid  coagulated  it,  and  rendered  it  white;  and 
when  boiled,  it  threw  down  abundance  of  white  flakes.* 

When  the  juice  of  the  papaw  is  treated  with  water,  the 
greatest  part  dissolves ;  but  there  remains  a  substance  inso- 
luble^ which  has  a  greasy  appearance.  It  softens  in  the  air, 
and  becomes  viscid,  brown,  and  semitransparent.  When 
thrown  on  burning  coals  it  melted,  let  drops  of  grease 
exude,  emitted  the  noise  of  meat  roasUng,  and  produced 
a  smoke  which  had  the  odour  of  fat  volatilized.  It  left 
behind  it  no  residue.  This  substance  was  ihejibrin.  The 
resemblance  between  the  juice  oi  the  papaw  xmd  animal 
matter  is  so  closer  that  one  would  be  tempted  to  suspect 
some  imposition,  were  not  the  evidence  that  it  is  really  the 
juice  of  a  tree  quite  unexceptionabIe.f 

The  properties  of  fibrin  are  the  following : 

1.  It  is  tasteless,  fibrous,  elastic,  and  resembles  gluten.     Pkopertia. 

2.  It  is  insoluble  in  water  and  in  alcohol. 

3.  It  is  not  dissolved  by  diluted  alkalies. 
4^  But  acids  dissolve  it  without  difiiculty. 

5.  With  nitric  acid  it  gives  out  much  azotic  gas. 

*  Aon.  de  Chim.  xliii.  867.  t  Ibid. 
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Book  IV.       6.  When  distilled  it  yields  much  carlxmate  of  «Hi|iiODis 

and  oil. 

7.  It  soon  putrifies  whep  ]^ept  moist,  becomfis  green ; 
but  does  not  acquire  any  resemblance  to  cheese. 

A  fuller  description  of  this  substance  must  be  reserved 
for  the  next  book,  as  it  belongs  rather  to  the  aninifd  jkhan 
vegetable  kingdom* 


SECT.  XXII. 

OF   OILS. 

There  are  two  species  of  oils;  namely, ^/!xietl  and  volatile; 
both  of  which  are  found  abundantly  in  plai^ 

I.  Fixed  oil  is  only  found  in  the  seais  of  plants^  and  is 
almost  entirely  confined  to  those  which  have  two  cotyledons; 
OS  linseed,  almonds,  beech-nut,  poppy  seed,  rape  seed,  &c. 
Sometimes,  though  rarely,  it  is  found  in  the  pulp  which 
surrounds  the  stone  of  certain  fruits.  This  is  the  case  with 
the  olive,  which  yields  the  most  abundant  and  most  valuable 
species  of  fixed  oil.  The  bicotylcdinous  seeds,  besides  oil, 
contain  also  a  mucilaginous  substance;  and  they  h|ive  all 
the  character  of  forming,  when  bruised  in  water,  a  milky 
liquid,  known  by  the  name  of  emulsion. 

The  following  is  a  list  of  the  plants  yielding  the  fixed 
oils  which  usually  occur  in  commerce.* 

^$t  of  fix-        1,  Linum  usitatissimum  ct  perenne.  Linseed  oil 

2.  Corylus  avellana  ?  vr  *    -i 

3.  Jugfam  regia        $ 

4.  Papaver  somniferum   .....••..  Poppy  oil. 

5.  Cannabis  sativa Hemp  oO. 

6.  Sesamum  orientale    Oil  of  Sesamuni. 

7.  Olea  Europea    Olive  oil. 

8.  Amygdalus  communis Almond  oil. 

9.  Guilandina  Mohringa Oil  of  behenu 

10.  Cucurbita  pepo  et  melapepo  .  • .  Cucumber  oil 

II.  Fagus  sylvatica Beech  oil. 

12.  Sinapis  nigra  et  arvcnsis Oil  of  mustard. 

13.  Helianthus  annuus  et  pcrennis  .  Oil  of  sunflower. 

14.  Brassica  napus  et  campestris    . .  Rape  seed  oil. 

15.  Ricinus  communis Castor  oil. 

*  See  Gren's  Handbucb,  ii.  166. 
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16.  Hicotiana  tabaciim  et  rustica    •  •  Tobacco  seed  oil.    chap.  i. 

1 7.  Pninus  domestica Plum  kernel  oil. 

IS.  Vitis  vinifera Grape  seed  oil. 

19.  Theobroma  cacao Butter  of  cacao. 

20.  Launis  nobilis    Laurel  oil. 

21.  Arachis  hypogse Ground  nut  oil.* 

2.  Volatile  oils  arc  found  in  every  part  of  plants  except 
the  cotyledons  of  the  seeds,  where  tliey  never  occur.  The 
root,  the  stem,  the  leaves,  tlie  flower,  the  rind  or  pulp  of  the 
fruit  of  a  variety  of  plants,  are  loaded  with  volatile  oils,  firom 
which  they  are  extracted  by  expression  or  by  distillation. 
The  number  of  these  oils  is  so  great  that  it  baffles  all  de- 
scription. Almost  every  plant  which  is  distinguished  by  a 
peculiar  odour  contains  a  volatile  oil,  to  which  it  is  indebted 
for  that  odour. 

The  following  table  contains  a  pretty  copious  list  of  plants 
which  yield  volatile  oils.  Tlie  part  of  the  plant  from  whicli 
it  is  extracted,  and  the  English  name  of  die  oil,  are  added 
in  s^Murate  colums.f 


PlaBtR. 


1 


Pam. 


Oils  of 


1. 

2. 
3. 
If. 
5. 
6. 
7. 
8. 

9- 


Artemisia  absynthium 
Acorus  calamus 
Myrtus  Pimenta 
Anethum  graveolcns 
Angelica  archangelica 
Pimpinella  anisum 
Illicium  anisatum 
Artemisia  vulgaris 

Citrus  aurantium 


:Leave8    Wormwood 
Root 
'Fruit 
i  Seeds 
{Root 
'.Seeds 
'Seeds 
■Leaves 


J ;  Rind  of 
I  [the  fruit 
Meloleuca  leucodendra  ILcaves 


i  Sweet  flag 

Jamaica  pep.  6 

Dill 

Angelica 

Anise 

Stellat.  anise 

Mugwort 

|-  Bergamotte 

Cajcput 


Colour. 


Carlina  acaulis 
Scandix  chaerefoHum 
Matricaria  chamomilla 
Laurus  cinnamomum 


Caraways 
Card,  seeds 


la 

1 1 .  Eugenia  caryophyllata    ICapsules  Cloves  § 

12.  Carum  carvi  jSeeds 

13.  Amomum  cardamomum  [Seeds 
U. 
15. 
16. 
17. 


18. 

19- 
20. 
21. 
22. 
23. 


Citrus  medica 

Cochlearia  officinalis 
Copaifera  officinalis 
Coriandnun  sativum 
Crocus  sativus 
Piper  cubeba 


{ 


Roots 

Leaves 

Petals 

Bark 

Rind  of 

the  fruit 

Leaves 

Extract 

Seeds 

PisUIs 

Seeds 


Cheryil 
Chamomile 
Cinnamon  § 

Lemons 


curvy  grass 
Copaiba 
Coriand.  seed 
Saffron  § 
Cubeb  pep. 


List  of  vo 
Utile  oils. 


Green 

Yellow 
Yellow 
Yellow 

White 
Brown 

Yellow 

Green 

Yellow 

Yellow 

Yellow 

White 

Sulph.  yel. 

Blue 

Yellow 

Yellow 

Yellow 

White 

White 

Yellow 

Yellow 


♦  Nicholson's  Jour,  vl  224.  f  Sea  Gren's  Ilanbuch,  ii.  204. 

^  The  oils  marked  §  sink  in  water. 
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Plants. 


24f.  Launis  culilaban 

25.  Cumin  um  cymioum 

26.  Inula  heleniuiA 

27.  Anethum  feeniculum 

28.  Croton  eleutheria 

29.  Maranta  galanga  . 
SO.  Hyssopus  officioalis 
31.  Juniperus  communin 

52.  Lavendula  spica 

53.  Laurus  nobilis 
S4^  Prunuft  laurocerasus 

35.  Levisticum  ligusticum 

36.  Myristica  moschata 

37.  Origanum  majorana 

38.  Pistacia  lentiscus 

39.  Matricaria  parthenium 
4(X  Melissa  officinalis 

41.  Mentha  crispa 

42.  .^—^  piperitis 

43.  Achillea  millefoliupi 

Citrus  aurantium 
Origanum  creticum 
Apium  petroselinum 

Pinussylvestrisetabies  •{ 

Piper  nigrum 
Rosmarinus  officinalis 
Mentha  pulegiuui 
Genista  canaricusis 
Rosa  centi folia 
Ruta  graveolens 
Juniperus  sabina 
Salvia  officinalis 
Santalum  album 
Laurus  sassafras 
Satureia  hortensls 


44. 
45. 
46. 

47. 

48. 
49. 
56. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 

59. 

6a 


Thymus  serpillum 
Valeriana  officinalis 


1 


61.  Ksmpferia  rotunda 

62.  Amomum  Zinziber 

63.  Andropogon  schsenan- 

thum 


i 


Parts. 


Bark 

Seeds 

Roots 

Seeds 

Bark 

Roots 

Leaves 

Seeds 

Flowers 

Berries 

Leaves 

RooU 

Seeds « 

Leaves 

Resin 

Plant 

Leaves 

Leaves 

Leaves 

Flowers 

Petals 

Flowers 

Roots 

Wood 

&  resin. 

Seeds 

Plant 

Flowers 

Root 

Petals 

Leaves 

Leaves 

Leaves 

Wood 

Root 

Leaves 

Leaves 

and 

flower 

Root 

Root 

Root 


Oil  of 


Culilaban 

Cummi 

Elecampane 

Fennel 

Csscarilla 

Galanga 

Hyssop 

Juniper 

Lavender 

Laurel 

Lauroceras^ 

Lovage 

Mace 

Majorum 

Mastich 

Motherwort 

Balm 

Peppermint 

MiUefoa 

Neroli 
Spanish  hop 
Parsley 

i-  Turpentine 

Pepper 

Rosemary 

Pennyroyal 

Rhodium 

Roses 

Rue 

Savine 

Sage 

Santalum  § 

Sassafras 

Satureia 


Colour. 


{' 


Brown  yel. 

Ydlow 

White 

White 

Yelloir 

Yelkw 

YeUoir 

Green 

TeUow 

Brownish 


Yellow 
Tellow 
Yellow 
YeDow 
Blue 
White 
White 
YeUow 
Blue  and 
green 
Orange 
Brown 
YeUow 


} 


Thyme 


Valerian 
Zedoary 
Ginger 
Sira 


{ 


Colourless 

Yellow 

Colourless 

YeUow 

YeUow 

Colourless 

YeUow 

lYeUow 

Green 

YeUow 

Yellow 

Yellow 

YeUow 

Green 

Greenish 
blue 
Yellow 

Brown 


Several  of  the  gum  resins,  as  myrrh  and  galbanum,  yield 

likewise  an  essential  oil,  and  likewise  the  balsams,  as  ben^ 

zoin^  &c. 

§  The  oUs  marked  $  sink  in  water. 
*  They  yield  also  a  fixed  oU. 
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SECT.  XXIII.  Chip.  I. 

OF   WAX. 

The  upper  surface  of  the  leaves  of  many  trees  is  covored 
^ith  a  varnish,  which  may  be  separated  and  obtained  in  a 
vtate  of  purity  by  the  following  process : 

Digest  the  bruised  leaves,  first  in  water  and  then  in  alco-  How  ob- 
hoi,  till  every  part  of  them  which  is  soluble  in  these  liquids  pi^JU^/'^ 
be  extracted.  Then  mix  the  residuum  with  six  times  its 
weight  of  a  solution  of  pure  ammonia,  and,  afler  sufficient 
maceration,  decant  off  the  solution,  filter  it,  and  drop  into 
it,  while  it  is  incessantly  stirred,  diluted  sulphuric  ncid,  till 
more  be  added  than  is  sufficient  to  saturate  the  alkali.  The 
varnish  precipitates  in  the  form  of  a  yellow  powder.  It 
should  be  carefully  washed  with  water,  and  then  melted  over 
a  gentle  fire.* 

Mr.  Tingry  first  discovered  that  this  varnish  possessed 
all  the  properties  of  bees  wax.f  Wax,  then,  is  a  vegetable 
product  Several  plants  contain  wax  in  such  abundance  as 
to  make  it  worth  while  to  extract  it  from  them.  But  let  us, 
in  the  first  place,  consider  the  properties  of  bees  wax,  die 
most  common  and  important  species.  This  substance,  as 
Huber  has  demonstrated,  contrary  to  the  generally  received 
opinion,  is  prepared  by  the  bees  from  honey  or  sugar,  the 
latter  yielding  the  greatest  proportion  of  it  X 

1.  Wax,  when  pure,  is  of  a  whitish  colour;  it  is  desti-  Pmpertiei 
tute  of  taste,  and  has  scarcely  any  smell.  Bees  wax  indeed  ^^'^ 
has  a  pretty  strong  aromatic  smell ;  but  this  seems  chiefly 
owing  to  some  substance  with  which  it  is  mixed ;  for  it  dis- 
appears almost  completely  by  exposing  the  wax,  drawn  out 
into  thin  ribands,  for  some  time  to  the  atmosphere.  By 
this  process,  whidi  is  called  hUadnng^  die  yellow  colour  of 
the  wax  disappears,  and  it  becomes  very  white.  Bleached 
wax  is  not  afl^cted  by  the  air.§ 

2.  The  specific  gravity  of  unbleached  wax  varies  firom 

•  Hermbstadt,  Med.  and  Phys.  Jour.  iii.  379. 

i  Enc.  Math.  Forets  et  Bois,  i.  100. 

X  Nicholfloii's  Jonr.  is.  189. 

\  Sennebieo  Aon.  de  Chim.  lii.  60.  and  Joar.  de  Pbys.  xzxviii.  5G. 
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Action  of 
alcoboL 


Book  IV.  0-9600*  to  0*9650  ;t  that  of  white  wax  from  0*8203  to 
0-9662. t 

3.  Wax  is  insoluble  in  water;  nor  are  its  properties  al- 
tered though  kept  under  that  liquid. 

4.  When  heat  is  applied  to  wax  it  becomes  soft;  and  at 
the  temperature  of  142^  if  unbleached,  or  of  155^  if 
bleached^  it  melts  into  a  colourless  tranqsai^t  flnid,  which 
concretes  again,  and  resumes  its  former  appeanncc  as  the 
temperature  diminishes.  If  the  heat  be  still  &rther  in- 
creased, the  wax  boils  and  evaporates ;  and  if  a  red  heat  be 
applied  to  the  vapour,  it  takes  fire  and  bums  with  a  bright 
flame.  It  is  this  property  which  renders  wax  so  mefiil  tor 
making  candles. 

5.  Wax  is  scarcely  acted  on  by  alcohol  when  cold,  but 
boiling  alcohol  dissolves  it  This  was  known  to  Neumann,^ 
and  has  been  lately  ycrified  by  Dr.  Bostock.||  Bather 
more  than  20  parts  of  alcohol  are  necessary  to  diawlve  1 
part  of  wax ;  and  as  the  solution  cools,  the  greater  part  of 
the  wax  precipitates,  and  the  remainder  is  thrown  down  by 
water.  •* 

6.  Ether  has  but  little  action  on  wax  while  cold ;  but  when 
assisted  by  heat,  it  takes  up  about  -^th  of  ite  weight  of  it^ 
and  lets  the  greatest  part  precipitate  on  cooling,  ff 

Dr.  John  ascertained  that  when  bees  wax,  or  tlic  wax  of 
the  myrica  cordifolia  is  digested  in  a  sufficient  quantity  of 
boiling  alcohol,  it  is  divided  into  two  distinct  anbstanoea. 
One  of  these  substances  is  taken  up  by  the  boiling  alccdiol 
while  the  other  remains  undissolved.  To  the  first  of  these 
bodies  he  has  given  the  name  of  ceriu  to  the  second  that  of 
myricin. 

Cerin  he  distinguishes  by  the  following  properties.  It  is 
soluble  in  fixed  and  volatile  oils :  from  the  last  it  precipitates 
in  grcaz}'  looking  grains.  Insoluble  in  water,  cold  alcohol 
and  ether ;  soluble  in  hot  alcohol  and  ether,  and  precipitating 
again  as  the  liquids  cool.     Melts  bcbiicen  108^  and  140°. 


Ccrin. 


•  Bostock,  Nichol«on*5  Jour.  iv.  ISO. 
t  lahroni,  Crell's  Annals,  1797,  ii.  195. 
X  Bostock,  Nicholson's  Jour.  i.  71. 

§  Neumann*b  Chemistry,  p.  331.      ||  Nicholson's  Jour,  if,  133. 
NiciM)Uon*s  Jour.  i?.  133.  ft  I<^  ibid. 
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Of  the  flpecific  gravity  1*000.    Of  Ithe  eDnustence  of  wax.    aiap.  I. 
Unites  with  causiic  alknlics,  and  forms  a  soap.  ^*^v^*^ 

The  character?;  of  nfyricin  are  as  follows.  Insoluble  iti  M)  ricin. 
water,  ether,  aiul  alcohol,  both  hot  and  cold.  Soluble  in 
fixed  and  volatile  oils :  does  not  precipitate  from  the  former 
of  these.  Melts  between  100®  and  140°.  Somewhat 
glutinous ;  but  of  the  con!sistenc*e  of  wax.  Specific  gravity 
0-90a* 

Cbevreul  has  given  the  name  of  cerin  to  a  substance 
which  he  extracted  from  cork,  and  which  possessed  the 
foUowing  properties.  It  is  white  and  in  small  needles.  It 
does  not  melt  in  boiling  water ;  but  becomes  soft  and  unks 
to  the  bottom  of  that  liquid ;  while  wax  melts  at  1 45®  and 
swims  upon  llie  surface  of  water.  When  heated  or  dis- 
tilled, it  undergoes  nearly  the  same  changes  as  wax.  It  is 
rather  more  ^uble  in  alcohol  than  wax.  Nitric  acid 
gradually  dissolves  it,  and  converts  a  portion  of  it  into 
oxalic  acid.  It  does  not  dissolve  in  an  alcoholic  scJution  of 
potash.f 

7.  Wax  combines  readily  with  fixed  oils  when  assisted 
by  heat,  and  forms  with  them  a  substance  of  gi*catcr  or 
less  consistency  according  to  the  quantity  of  oil.    This  com- 
position, which  is  known  by  tlie  name  of  cerate^  is  much  Cerate. 
employed  by  surgeons. 

The  volatile  oils  also  dissolve  it  when  heated.  This  is 
Well  known,  at  least,  to  be  the  case  with  oil  of  turpentine. 
A  part  of  the  wax  priecipitatcs  usually  as  the  solution  cools, 
but  of  a  much  softer  consistence  than  usual,  and  therefore 
containing  oil. 

8.  The  fixed  alkalies  combine  with  it,  and  form  a  com-  Action  of 
pound  which  possesses  all  the  properties  of  common  soap.  ^^^^^-- 
When  boiled  with  a  solution  of  fixed  alkalies  in  water,  the 
liquid  becomes  turbid,  and  after  some  time  the  soap  sepa- 
rates and  swims  on  the  surface.     It  is  precipitated  from  the 
alkali  by  adds  in  the  state  of  flakes,  which  are  the  wax  very 

little  altered  in  its  properties.:):  Punic  wax,  which  the  an- 
cients employed -in  painting  in  encausto,  is  a  soap  composed 
of  80  parts  of  wax  and  one  of  soda.  $  Its  composition  was 
ascertained  by  Mr.  Lorgiia.  || 

•  John's  Chemische  tabellcn  der  Pflanzejian'cilyscn,  p.  9. 

-f  Aanab  of  Fhilosophyi  is.  53.  X  Nichulbou's  Jour.  iv.  132. 

^  Pliny,  lib.  ixi.  c.  14.  ||  Jour,  de  Pbys.  Nov.  1785. 
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Book  IV.  '  When  boiled  with  liquid  ammonia,  it  forms  a  kind  of 
■oapy  emulsion.  As  the  mixture  cools,  the  greatest  part  of 
the  compound  rises  to  the  surface  in  the  state  of  white  flakes* 
This  soap  is  scarcely  soluble  in  water.* 

9.  Tlie  acids  have  but  little  action  on  wax;  even 
chlorine^  which  acts  so  violently  on  most  bodies,  produces 
no  other  change  on  it  than  that  of  rendering  it  white.  This 
property  which  wax  possesses,  of  resisting  the  action  of  acids, 
renders  it  very  usefUl  as  a  lute  to  confine  acids  properly  in 
vessels,  or  to  prevent  them  from  injuring  a  common  cork. 

10.  Lavoisier  endeavoured  to  ascertain  the  composition 
of  bees  wax,  by  burning  a  quantity  of  it  in  oxygen  gas, 
and  determining  the  proportions  of  carbonic  add,  and 
water  formed.  But  pneumatic  chemistry  had  not  at  that 
time  made  sufficient  progress  to  enable  him  to  give  his  ex- 
periments the  requisite  dqpree  of  precision.  Gay-Lussac 
and  Thenard  analysed  it  by  burning  a  determinate  quantity 
along  with  chlorate  of  potash  in  a  proper  vessel,  and  ascer- 

Composi-    taining  the  quantity  of  carbonic  aid  formed.t    Aocorduag 
to  their  experiments  100  parts  of  wax  are  composed  of  - 

Oxygen 5*544 

Hydrogen 12*672 

Carbon 81*784 

As  we  are  ignorant  of  the  number  which  represents  the 
weight  of  an  atom  of  wax,  we  cannot  from  this  analysis 
determine  the  number  of  atoms  of  each  of  these  bodies  that 
enter  into  its  composition.  But  the  smallest  number  of 
atoms,  which  will  nearly  correspond  with  the  proportions 
obtained  by  -GayLussac  and  Thenard,  are, 

1  Atom  oxygen  =1  •  •  •  •  5*48 
20  Atoms  carbon  =15  ....  82*19 
18  Atoms  hydrogen  =r   2-25   ....  12'SS 

39  18*25  100-00 

According  to  this  supposition  wax  is  a  compound  of 
39  atoms,  and  the  weight  of  an  integrant  particle  of  it  is 
18*25.  From  the  experunents  of  Chcvreul  on  soaps,  there 
is  some  reason  for  believing  that  the  weight  of  an  atom  of 

*  Bostock,  Nicholson's  Joar.  iv.  134. 
f  Becherches  Ph3r8ico-chimiqueSy  ii.  316. 
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wax  is  nearly  double  the  number  here  assigned,  or  36.     If  Chap.  i. 
this  number  were  accurate  its  true  constituents  would  be,      ^^— v~~^ 

2  atoms  oxygen  r=  2 
40  atoms  carbon  s=  30 
32  atoms  hydrogen  =    4 

36 

11*  Wax  possesses  all  the  essential  properties  of  fixed  oil. 
We  must  therefore  consider  it  ns  a  fixed  oil  rendered  con- 
crete. Now  that  species  of  fixed  oils,  distinguished  by  the 
epithet  fat^  have  the  property  of  becoming  concrete,  and 
assuming  the  appearance  of  wax,  when  exposed  long  to  tlie 
air,  in  consequence,  it  is  supposed,  of  the  absorption  of 
oxygen.  Hence  probably  the  difference  between  wax  and 
fixed  oils  consists  in  the  oxygen  which  it  contains  as  a  com- 
ponent part.  The  wax  at  its  first  formation  was  in  all  pro- 
babih'ty  in  the  state  of  a  fixed  oil;  but  by  the  absorption  of 
oxygen  it  gradually  concreted  into  wax.  Wax,  then,  may 
be  considered  as  a  fixed  oil  satured  with  oxygen. 

12.  It  is  natural  to  suppose,  if  this  theory  be  just,  that  v,iTietics  of 
fixed  oil  will  occur  in  plants  in  various  states  of  hradncss :  ^''^^' 
and  this  accordingly  is  the  case.     Sometimes  it  is  of  the 
consistency  of  butter,  and  this  is  denorohiatcd  a  butter; 

thus  we  have  the  butter  of  caaio,  the  butter  of  coa),  the 
butter  of  galam.  Sometimes  it  is  of  a  greater  consistency, 
and  then  is  denominated  tallow  ;  thus  we  have  the  tallow  of 
the  crotofij  extracted  by  boiling  water  from  the  fruit  of  the 
croion  sebifera.  When  its  consistency  is  as  gi*eat  as  possible, 
it  then  Udces  the  ^pellation  of  wax.  Thus  we  have  the 
myrtle  wax  of  America,  extracted  from  tlie  seeds  of  the 
myrica  cerifera^  and  the  pela  of  the  Chinese.  The  species 
of  wax,  then,  which  exist  in  the  vegetable  kingdom,  may 
possibly  be  as  numerous  as  the  fixed  oils.  Let  us  take  a 
view  of  some  of  the  most  remarkable. 

Bees  wax  is  the  species  whose  properties  have  been  de-  Myrtle 
scribed  in  the  former  part  of  this  section.  *''"• 

13.  Tlie  myrtle  wax  of  North  America  is  obtained  from 
the  myrica  cerifera.  We  are  indebted  to  Dr.  Bostock  *  and 
Mr.  Cadet  t  for  a  verj-  exact  account  of  its  properties  and 
extraction.     The  wyrica  cerijera  is  a  shrub  which  grows 

*  Nicholson'i  Jour.  iv.  130.  t  <Ann.  d«  Chiro.  xliv.  IGO. 
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Book  IV.  abundantly  in  Louisiana  and  other  parts  of  North 
^"^v"^  It  produces  a  berry  about  the  size  of  a  p^per  com.  A 
very  fertile  shrub  yields  nearly  seven  pounds.  The  berries 
arc  picked  0%  thrown  into  a  kettle,  and  covered  with  water 
to  the  depth  of  about  half  a  foot.  The  kettle  is  then  boiled, 
find  the  berries  stirred  and  squeezed  against  the  sides  of  the 
vessel.  The  wax  which  they  contain  is  melted  out  and 
swiius  on  the  surface.  It  is  skimmed  off^  passed  through  a 
cloth,  dried,  melted  again,  and  cast  into  cakes.  From  the 
observations  of  Cadet,  we  learn  that  the  wax  fi>nns  the 
outer  covering  of  the  berries.  Hie  wax  thus  obtained  is  of 
n  pale-green  colour.  Its  specific  gravi^  is  1*0150.  It 
melts  at  the  temperature  of  109^ :  when  stronglj  heated 
it  bums  with  a  white  flame^  produces  little  anoke^  and 
during  the  combustion  emits  an  agreeable  aromatic  odour. 
Water  does  not  act  upon  it.  Alcohol,  when  hot,  dissolves 
•^-th  of  its  weight,  but  lets  most  of  it  fall  again  on  cooling. 
Hot  ether  dissolves  about  jih  of  its  weight ;  and  when  slowly 
cooled,  deposits  it  in  crystalline  plates,  like  spennaceti. 
The  ether  acquires  a  green-colour,  but  the  wax  becomes 
nearly  white.  Oil  of  turpentine,  when  assisted  by  heat, 
dissolves  it  sparingly.  Alkalies  act  upon  it  nearly  as  on 
bees  wax.  The  same  remark  applies  to  acids.  Sulphuric 
acid,  >^'hcn  assisted  by  heat,  dissolves  about  -yj^-th  of  its 
weight,  and  is  converted  into  a  thick  dark-brown  mass.* 
Mr.  Hatchett  has  detected  a  substance  precisely  similar  to 
myrtle  wax  in  lacf  It  probably  exists  in  many  vq;etahles. 
Brazil  wax.  14.  Mr.  Brande  in  1811,  published  a  chemical  examina- 
tion of  wax  from  Brazil,  the  produce  of  an  unknown  tree 
in  that  country.  It  had  a  greenish  colour,  was  insoluble 
in  water,  but  soluble  in  alcohol,  ether,  and  oils.  Its  spe- 
cific gravity  was  0'980.  It  melted  at  the  temperature  of 
206^.  It  could  not  be  made  to  form  a  soap  with  the  fixed 
alkiilics ;  but  answered  remarkably  well  for  candles.^ 
W'ax  from  J  5.  Dr.  Maccullocli  found  a  waxy  substance  in  the  oil 
lavender  ^^  ^^***^^  ^"^  ^*  liiveuder.  It  was  precipitated  from  both 
oil.  by  cold,  and  likewise  by  tlie  addition  of  alcohol.    Its  colour 

is  white ;  it  has  a  greasy  feel,  swims  on  sulphuric  ether^ 

**   liostdck,  Micholson's  Jour.  iv.  130. 
t'  Analytical  Experiments  on  Lac,  Pbil.  Trans.  1804. 
t  Nicholson's  Jour,  xxxi,  14. 
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and  crystallizes  in  shining  scales.    It  melts  at  96".     It  dis-   chap.  i. 
solves  ia  alcohol  and  etlier,  and  seems  to  approach  nearer  ^"V"^ 
spermaceti  in  its  properties  than  wax.* 

16.  The  Chinese  extract  a  wax  from  various  vegetables, 
which  they  manufacture  into  candles,  and  of  which  they 
form  many  of  the  delicate  ornaments  which  are  brought  to 
Europe.f 

1 7.  Wax  has  been  detected  by  Proust  in  the  green  fccula  Inthegrecn 
of  many  plants ;  the  cabbage  for  instance.     He  thinks  that  p^^^.^ 
it  forms  a  constituent  of  the  pollen  of  all  flowers,  and  that 

the  bees  collect  it  along  with  the  gluten  of  the  pollen,  which, 
according  to  him,  serves  tliem  for  fbod4  I^ut  there  is  un^ 
doubted  evidence  that  wax  is  actually  formed  by  bees.  The 
observations  of  Mr.  John  Hunter  led  him  to  conclude  that 
it  comes  from  under  the  scaly  rings  which  cover  their  hinder 
parts. 

Proust  has  also  detected  wax  covering  the  rind  of  resins, 
plums,  oranges,  and  other  similar  fruits.§  In  short,  it  seems 
to  be  one  of  the  most  abundant  of  vegetable  principles. 


SECT.  XXIV. 

OF   CABffPHOR. 


The  substance  called  camphor^  though  unknown  to  the  History. 
Greeks  and  Romans,  seems  to  have  been  long  known  in  tlie 
East.  When  it  was  first  brought  to  Europe  docs  not  ap- 
pear, though  it  seems  to  have  been  introduced  by  the  Ara- 
bians, ^tius  is  the  first  person  who  takes  notice  of  it.  It 
is  mentioned  in  the  writings  of  Paracelsus,  in  such  a  manner 
as  to  lead  to  the  supposition  that  it  was  in  common  use  in 
his  time.  Chemists  sometimes  arranged  it  among  resins, 
sometimes  among  volatile  oil5,||  till  Neumann  published 
his  dissertation  on  it  in  17^5.**  He  there  examined  its 
prcqpcrties  in  detail,  and  demonstrated  that  they  differed 

•  Phil.  Mag.  zxxix.  1^3. 

t  See  Phil.  Trans.  1753,  p.  USS ;  in  which  Father  d'lncarville  gives 
some  account  of  the  tallow-tree,  and  luode  of  extracting  tlie  tallow  or 
wax. 

t  Joor.  de  Phys.  Wi.  87,  and  111.  S  ^hid 

H  Hoffioumn,  Obaerv.  Pb^s.  Cbym.  Selec.  p.  44. 

»♦  Phil.  Traq»,  xixiii.  321. 
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Book  IV.  from  those  of  every  other  substance ;  and  oonduded  in  con- 
^""V"^  sequence,  that  camphor  must  be  considered  as  a  peculiar 
vegetable  principle.  To  Neumann,  then,  we  are  indebted 
for  the  first  correct  experiments  on  the  properties  of  cam- 
phor. 
How  pro-  It  comes  to  Europe  chiefly  from  Japan.  It  is  obtained 
^"^  '  from  laurus  camphora^  a  tree  common  in  the  East^  by  dis- 
tilling the  wood  along  with  water  in  large  iron  pots,  on 
which  are  fitted  earthen  heads  stuffed  with  Maw.  The 
camphor  sublimes,  and  concretes  upon  the  straw  in  the 
form  of  a  grey  powder.*  It  is  afterwards  refined  in 
Europe  by  a  second  sublimation.  The  vessels  are  of  glass, 
and  somewhat  of  the  shape  of  a  turnip,  with  a  smal) 
mouth  above  loosely  covered  with  paper.  According  to 
Ferber,  about  -j-th  of  pounded  chalk  is  mixed  with  the  crude 
camphor  ;t  but  others  assure  us  that  there  is  no  addition 
whatever  employed.  According  to  Lewis,  nothing  more 
is  necessary  than  a  proper  regulation  of  the  fire;]:  and 
Professor  Robison,  who  witnessed  the  process  as  well  as 
Neumann,  informs  us,  that  the  camphor  in  the  subliming 
vessel  is  in  a  liquid  state,  which  it  could  scarcely  be  if  quick- 
lime were  employed,  at  least  in  any  considerable  quantity.  $ 
Properties.  1.  Camphor  thus  refined  is  a  white  brittle  substance, 
ha\ing  a  peculiar  aromatic  odour,  and  a  strong  hot  acrid 
taste.  .  Its  specific  gravity  is  0-9887.  || 

It  is  not  altered  by  atmospheric  air ;  but  it  is  so  volatile, 
that  if  it  be  exposed  during  warm  weather  in  an  open  ves- 
sel, it  evaporates  completely.  WTien  sublimed  in  close 
vessels  it  crystallizes  in  hexagonal  plates  or  pyramids.  ** 

2.  It  is  insoluble  in  water;  but  it  communicates  to  that 

liquid  a  certain  portion  of  its  peculiar  odour,  ff 

Action  of        3,  It  dissolves  readily  in  alcohol,    and  is   precipitated 

again  by  water.     According  to  Neumann,  well  rectified 

alcohol  dissolves  three-fourdis  of  its  weight  of  camphor. 

*  Neumann's  Chcin.  p.  319.  f  Gren's  Uaudbuch,  ii.  219. 

t  Neumann,  ibid.  §  Black's  Lectures,  ii.  351. 

II  According  to  Brisson.  Dr.  Shaw  states  it  at  0*996,  (Shaw*s  Boyle, 
ii.  346 ;)  and  this  has  been  copied  into  most  of  the  recent  chemical 
books.    Probably  it  varies  in  its  density  considerably. 

•*  Iloniieu. 

ft  From  the  experiments  of  Cadet  it  appears,  that  a  French  pint  of 
water  dis^nilves  about  16  grains  of  camphor,  and  that  the  camphor  may 
be  precipitated  by  pure  potash.    Aim.  dc  Qiim.  Uii.  132. 
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By  distillation  the  alcohol  passes  over  first,  and  leaves  the  Chap.  i. 
camphor.  This  property  affords  an  easy  method  of  pu-  ^^—v*^ 
rifying  camphor.  Dissolve  the  camphor  in  alcohol,  distil 
off  the  spirit,  and  melt  the  camphor  into  a  cake  in  a 
glass  vesseL*  If  the  alcoholic  solution  of  camphor  be  di- 
luted with  water  as  much  as  possible,  without  causing  the 
camphor  to  precipitate,  small  crystals  of  camphor  resem- 
bling feathers  gradually  form,  f 

4.  Cainphor  is  soluble  also  in  oils,  both  fixed  and  vola-  Oils, 
tile.    If  the  solution  be  made  by  means  of  heat,  as  it  cools 
part  of  the  camphor  precipitates,  and  assumes  the  form  of 
plumose  or  feather-like  crystals.  % 

5.  Camphor  is  not  acted  on  by  alkalies,  either  pure  or  Alkalies. 
in  the  state  of  carbonates.     Pure  alkalies  indeed  seem  to 
dissolve  a  little  camphor ;  but  the  quantity  is  too  small  to 

be  perceptible  by  any  other  quality  than  its  odour.  §  Nei- 
ther is  it  acted  on  by  any  of  the  neutral  salts  which  have 
hitherto  been  tried. 

6.  Acids  dissolve  camphor  without  effervescence,  and  in  Adds. 
general  it  may  be  precipitated  unaltered  from  the  recent 
solution. 

To  Mr.  Hatchett  we  are  indebted  for  an  accurate  inves-  Sulphuric 
tigation  of  the  action  of  sulphuric  acid  on  camphor.  Upon  *^"^' 
a  hundred  grains  of  powdered  camphor  he  poureil  an  ounce 
of  sulphuric  acid.  The  camphor  immediately  became  yel- 
low, and  gradually  dissolved  while  the  acid  changed,  first 
to  brownish-red,  and  afterwards  to  brown.  In  about  an 
hour  the  liquid  became  blackish-brown,  and  began  to  emit 
abundance  of  sulphurous  acid  gas.  In  four  hours  the 
whole  appeared  like  a  thick  black  liquid,  and  no  other  smcU 
except  that  of  sulphurous  acid  could  be  distinguished  in 
it  As  during  two  days  no  fartlier  alteration  took  place, 
the  alembic  containing  the  sohition  was  put  upon  a  sand 
bath  moderately  warm,  by  which  means  an  additional  quan- 
tity of  sulphurous  acid  gas  was  driven  off.  After  two  days 
the  liquid  was  slowly  mixed  witli  six  ounces  of  water.     It 

•  This  process^  proposed  by  Lewis  (Neumann's  Chem.  p.  320,)  is 
suTcly  preferable  to  that  of  Trommsdorf,  who  precipitates  the  cainphor 
by  water  from  the  alcohol,  and  then  melts  it  into  a  cake.  See  Gren*» 
Handbochy  u.  230. 

t  Romieoy  Mem.  Par.  1756,  p.  41.  X  RomieUi  ibid. 

^  BoailloD  la  Grange.  Ann  de  Chim.  xxiii.  154. 
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Book  IV.  became  roddibh-brown,  a  considerable  coagdlimi  of  the 
isaiiie  colour  subsided,  the  sulphurous  acid  smdl  became 
imperceptible,  and  was  succeeded  by  a  smell  similar  to  that 
of  a  mixture  of  the  oils  of  lavender  and  pq)pennint.  llie 
whole  was  now  slowly  distilled.  The  water  which  came 
over  had  the  same  smell  as  the  original  liquid,  and  there 
floated  over  it  a  little  yellowish  oil.  A  blackish-brown  mass 
remained  behind,  not  acted  on  by  water ;  but  alcohol  ex- 
tracted a  resinous  substance,  and  acquired  a  blackish- brown 
colour.  What  remained  was  charcoal.  Thus»  by  the  action 
of  sulphuric  acid,  the  camphor  was  decomposed  and  con- 
vcrte<i  into  oil,  blackish-brown  resin,  and  charcoal.  The 
proportion  of  each  was  as  follows : 

Yellow  oil. 3  grains. 

Charcoal 53 

Resinous  substance   49 

105 

Making  an  increase  of  five  grains,  either  from  water  which 
was  retuincd  by  the  resinous-like  substance,  or  from  oxygen 
with  which  it  had  combined. 

The  resinous-like  substance,  thus  obtained,  was  in  reality 
a  species  of  artificial  tannm.  It  was  very  brittle,  had  the 
Oilour  of  caromel,  and  an  astringent  taste.  It  dissolved  in 
cold  water,  and  the  solution  precipitated  iron,  lead,  tin, 
and  lime,  dark  brown.  It  precipitated  gold  in  the  me- 
tallic state,  threw  down  isinglass  in  the  state  of  a  blackish 
insoluble  substance,  and  had  the  property  of  converting 
skin  into  leather.  A  small  quantity  of  nitric  acid  converted 
it  into  the  artificial  tannin  obtained  from  charcoal  by  nitric 
acid.  * 

IVom  the  farther  researches  of  Chevreul  on  this  subject, 
it  appears  that  when  sulphuric  acid  is  distilled  off  camphor 
there  is  formed,  1.  A  volatile  oil  which  has  the  odour  of 
camphor:  2.  \  charry  matter  which  is  a  combination 
of  sulphuric  acid  and  a  hydrogureted  charcoal.  $•  An 
astringent  substance  which  is  likewise  a  compound  of  sul- 
phuric acid  and  a  charcoal  still  more  hydrogureted  thmi 
the  preceding.     The  charry  residuum  is  not  sensibly  soluble 


\ 


*  IIatchett*8  additional  Experiments  on  artificial  Tannin^  Phil.  Trans. 
1805. 
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in  water.      When  distilled  it  gives  sulphurous  acid,  car-   chap.  i. 
bonic  acid,  and  leaves  a  residue  which  is  a  compound  of  ^^**v~^ 
carbon  and  sulphur.* 

Nitric  acid  dissolves  camphor  readily,  and  in  great  abun-  Nitric  acid. 
dance.  .  The  solution  separates  into  two  portions ;  that 
which  contains  the  camphor,  and  most  of  the  acid,  floats 
upon  the  top  of  the  other  in  the  form  of  a  very  pale  yellow 
oiJ.  This  solution  is  known  by  the  name  of  oil  of  camphor. 
Water  and  several  metals  precipitate  the  camphor  unal- 
tered, f  Alcohol  combines  with  the  oil  of  camphor.  When 
this  solution  of  camphor  in  nitric  acid  is  long  kept,  a  por- 
tion of  the  camphor  separates  in  crystals,  and  swims  on 
the  surface,  and  a  small  portion  is  converted  into  cam- 
phoric acid.  X 

Muriatic,  sulphurous,  and*  fluoric  acids,  in  the  state  of  Other  acids, 
gas,  dissolve  camphor.  When  water  is  added,  the  cam- 
phor appears  unaltered  in  flakes,  which  swim  on  the  sur- 
face of  the  water.  §  It  is  dissolved  also  by  water  impreg- 
nated with  carbonic  acid  gas,  ||  by  acetic  acid,  **  and  pro- 
bably by  all  acids. 

7.  When  heat  is  applied  to  camphor  it  is  volatilized.     If  Action  qt 
the  heat  be  sudden  and  strong,  the  camphor  melts  before  ^^^' 
it  evaporates ;  and  it  melts,  according  to  Vcnturi,  at  the 
temperature  of  300^ ;    according  to    Romicu,    at  421°. ft 
It  catches  fire  very  readily,  and  emits  a  great  deal  of  flame 
as  it  bums,  but  it  leaves  no  residuum.     It  is  so  inflammable 
that  it  continues  to  bum  even  on  the  surface  of  water.  When 
camphor  is  set  on  fire  in  a  large  glass  globe  filled  with 
oxygen  gas,  and  containing  a  little  water,  it  bums  with  a 
very  bright  flame,  and  produces  a  great  deal  of  heat.   The 
inner  surfitce  of  the  glass  is  soon  covered  with  a  black  pow- 
der which  has  all  the  properties  of  charcoal ;  a  quantity  of 
carbonic  acid  gas  is  evolved;  the  water  in  the  globe  ae* 
quires  a  strong  smell,  and  is  impregnated  with  carbonic 
acid  and  camphoric  acid.  XX 

•  Ann  de  Chim.  Ixxiii.  167.  t  Ncumanii's  Chemistry,  p.  3?1. 

X  Planche  found  these  chiuigea  in  a  vial  of  oil  of  camphor,  wbieli  had 
lieen  kept  unopened  i'or  14  years.    Ann.  dc  Chim.  xliii.  J46. 

S  Fourcroy.  (1  Jour,  de  Phys.  lii.  67. 

**  PluL  Mag.  XV.  15C.  Aromatic  vinegar  consists  chiefly  of  this  com- 
pound, ft  Mem.  Par.  1756,  p.  444. 

IX  Bouillon  la  Grange,  Ann.  de  Chim.  xxiii.  168. 
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Book  IV.  If  two  parts  of  alumina  and  one  of  camphor  be  femned 
^'-'v— ^  into  a  paste  with  water,  and  distilled  in  a  glass  retort, 
there  comes  over  into  the  receiver  (which  should  ooiptain  a 
little  water,  and  conmiunicate  with  a  pneumatic  appara- 
tus) a  volatile  oil  of  a  golden  yellow  colour,  a  little  cam- 
phoric acid,  which  dissolves  in  the  water,  and  a  quanti^ 
of  carbonic  acid  gas  and  carbureted  hydrogen  gas»  which 
may  be  collected  by  means  of  a  pneumatic  apparatus.  There 
remains  in  the  retort  a  substance  of  a  deep  black  odour,  com- 
posed of  alumina  and  charcoal.  By  this  process,  fifom 
122*284  parts  of  camphor  M.  Bouillon  la  Grange^  to  Vhom 
we  are  indebted  for  the  whole  of  the  analysis  of  camphor,  ob- 
tained 45'S56  parts  of  volatile  oil  and  S0'571  parts  of  char- 
coal. The  proportion  of  the  other  products  was  not  ascer- 
tained.* •• 

From  this  analysis,  M.  Bouillon  la  Grange  concludes 
that  camphor  is  composed  of  volatile  oil  and  charcoal  or 
carbon  combined  together.  We  learn  from  his  experiments, 
that  the  ultimate  ingredients  of  camphor  are  carbon  and 
hydrogen ;   and  that  the   proportion    of  carbon  is    much 
greater  than  in  oils. 
Species  of       8.  There  are  several  species  of  camphor  which  have  been 
""^  ^^ '   examined  by  chemists,  and  which  differ  considerably  from 
each  other  in  their  properties.     The  most  remarkable  are 
common  camphor^  the  camphor  of  volatile  oils,  and  the  cam* 
phor  obtained  by  treating  oil  of'  turpentine  with  muriatic 
acid. 
1.  Com-         9,  Common  camphor,  obtained  by  distillation  from  the 
phor;        lauiiis  campkora^  is  the  substance  which  has  been  described 
in  the  preceding  part  of  this  Section.      In  Borneo  and 
Sumatra  camphor  is  procured  from  the  laurus  sumatrensis ; 
but  as  none  of  this  camphor  is  brought  to  Europe,  we  do 
not  know  how  far  it  agrees  with  common  camphor  in  its 
properties.     The  laujus  cinnamomum  likewise  yields  cam- 
phor. 
9.  Cam-  10.  The  second  species  of  camphor  seems  to  exist  in  a 

oiir*  ^'°™  great  variety  of  plants,  and  is  held  in  solution  by  tlie  vola- 
tile oils  extracted  from  them.  Neumann  obtained  it  from 
oils  of  thyme,  marjoram,    cardomum;f    Hermann,  from 


k 


*  Bouillon  la  Grange,  Ann,  de  Chim.  xxiii.  157. 
t  Phil  Trans.  1725,  p.  32X. 
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oib  extracted  from  Tarious  species  of  mint.*  Cartlieuser  Chap.  i. 
obtained  it  from  the  roots  of  the  mwranta  galangOf  keemp^  ^"^^^r^^ 
feria  rotunda^  amomum  zinziber^  launis  cassia,  f  &nd  rendered 
it  probable  that  it  is  contained  in  almost  all  the  labiated 
plants.  It  has  been  supposed  to  exist  in  these  plants  com- 
bined with  volatile  oil.  Proust  has  shown  bow  it  may  be 
extracted,  in  considerable  quantity,  from  many  volatile 
oils.  :f,  All  that  is  necessary,  is  to  expose  the  oil  to  the 
open  air  at  a  temperature  between  22^  and  51r^ ;  the  oil 
gradually  evaporates,  and  the  camphor  crystallizes.  By 
this  process  he  obtained  from  the  oil  of  rosemary  ^th  of 
its  weight  of  camphor,  from  that  of  sweet  maijoram  -j^th^ 
from  oil  of  sage  -^th,  and  from  oil  of  lavender  more  than 
■^th.  By  cUstiUing  the  oil  in  a  water-batli,  some  degrees 
under  the  boiling  point,  till  one-third  of  tlie  oil  comes  over, 
part  of  the  camphor  is  found  ciystallized  in  tlie  still  vessel. 
This  being  removed,  and  the  oil  again  distilled  as  before, 
more  camphor  crystallizes.  By  three  such  processes  the 
whole  of  the  camphor  is  obtained  from  the  oil.  The  cam- 
phor is  then  purified  by  mixing  it  with  a  little  dry  limc^ 
and  subliming  it. 

From  the  observations  of  Mr.  John  Brown,  there  is  rea- 
son to  belike  that  the  camphor  from  oil  of  tliyme  difieri 
from  common  camphor  in  several  respects.  It  does  not 
appear  to  form  a  liquid  solution  either  witli  nitric  or  sul- 
phuric acid ;  nor  is  it  precipitated  from  nitric  acid  in  pow-  ' 
der  like  common  camphor,  but  in  a  glut'mous  mass.  § 

11.  The  artificial  camphor  yielded  by  oil  of  turpentine,  a.  Artificial 
when  saturated  with  muriatic  acid  gas,  was  discovered  by  camphor. 
Mr.  Kind,  apothecary  in  Eutin,  while  employed  in  making 
a  medicine  called  the  ligidor  arihritia/s  Pottii.    He  put  a  How  pro- 
quantity  of  oil  of  turpentine  into  a  Woulfe's  bottle,  and  ^"'^^* 
caused  a  current  of  muriatic  acid  gas,   separated  from 
common  salt  by  sulphuric  acid,  to  pass  through  it.     The 
suit  used  was  of  the  same  weight  with  the  oil  of  tui-pentine. 
At  first  the  oil  became  yellow,  then  brown,  and  at  last  be- 
came almost  solid,  from  the  foimation  of  a  great  number  of 

*  Junker,  Conspectns  Chenodae,  ii.  100. 

t  Be  GeDeiicis  quibusdam  Plantanim  Princip.  175-1 ;  as  quoted  by 
Oreoy  Handbudi,  ii.  281. 

I  Ann.  dc  Chim.  iv.  179.  §  Phil.  Trans.  172.'»,  xxxlii.  .'^Ol. 
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Book  IV.  crystals  in  it,  which  possessed  the  prc^)erties  of  camphor.* 
Iliis  curious  experiment  was  repeated  by  Trommsdorf 
with  a  similar  result.  He  examined  the  camphc^ric  crys- 
tals obtained,  and  found  them  in  most  respects  to  agree 
with  common  camphor,  though  in  some  they  dififanedbf 
The  society  of  apodiecaries  at  Paris,  on  being  infomled  of 
these  particulars,  appointed  Messrs.  Cluzel,  Chomet^  and 
Boullay,  to  examine  the  subject  The  result  of  their 
labours  has  been  given  to  the  world  by  BouUsy.  |  They 
ascertained  the  proportion  of  camphor  yielded  by  oil  of 
turpentine,  the  best  dose  of  muriatic  acid  gas,  examined 
the  properties  of  the  camphoric  production,  and  endea- 
voured to  explain  the  way  in  which  it  had  been  formed. 
The  experiment  of  Kind  was  repeated  by  Hagen  in  1804 ;  § 
and  more  lately,  a  set  of  experiments  on  the  same  subject 
was  made  by  Gehlen,  Schuster,  and  Pesth,  chiefly  in  order 
to  elucidate  the  theory  of  the  process.  ||  Thenard  has  re- 
peated them  with  the  same  object.** 

The  proportion  of  muriatic  gas  found  to  answer  best,  is 
what  can  be  separated  by  sulphuric  acid  and  heat  from  a 
quantity  of  common  salt  equal  in  weight  to  the  oil  of  tur- 
pentine employed.  The  camphor  produced  amounts  nearly 
to  one-half  of  the  oil  of  turpentine.  The  French  apothe- 
caries put  into  Woulfe's  bottle  four  pounds  of  the  oil  of 
turpentine,  and  into  a  tubulated  retort  four  pomids  of  com- 
mon salt,  and  two  pounds  of  sulphuric  acid,  and  drove  off 
the  muriatic  acid  gas  by  means  of  heat  It  was  totally 
absorbed  by  the  oil,  the  bulk  of  which  was  augmented  by 
-f^th,  while  it  became  at  the  same  time  very  hot  Its  colour 
became  brown ;  it  retained  its  transparency ;  and  drops  of 
oil  gradually  formed  at  the  bottom  of  it.  In  U  hours  it 
deposited  regular  crystals ;  which,  being  separated  from  the 
brown  liquid  with  which  they  were  mixed,  and  dried  on 
blotting  paper,  weighed  21«  ounces.  The  liquor  being  left 
tor  some  days  in  a  cellar,  deposited  four  ounces  more  of 
the  same  crystals ;  and  by  exposure  to  an  artificial  cold  of 
about  14^,  two  ounces  more  were  obtained,  making  a  total 
30  ounces,  or  IJ-lb.  from  the  four  pounds  of  oil  of  turpen- 

*  Trommsdorf  *3  Jour,  de  Pharmacie,  H,  132  ;  as  quoted   in  Gchlcn's 
Jour.  vi.  459.  t  Il>id.  J  Ann.  de  Chim.  li.  270. 

§  Gehlen's  Jour.  ii.  237.  ||  Ibid.  vi.  470. 

*  *  Mem.  d'Arcueil,  ii.  29. 
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tine.    No  additional  crystals  were  obtained  by  increasing    Chap.  I. 
the  quantity  of  gas;  but  the  French  chemists  did  not  find  ^"^v^ 
that  the  produce  of  camphor  was  diminished  by  this  aug- 
mentation, as  had  been  concluded  by  Trommsdorf  from  his 
trials. 

The  camphor  tlms  procured  was  very  white;  it  had  a  Properties, 
peculiar  odour,  in  which  that  of  the  oil  of  turpentine  oould 
be 'distinguished.  When  washed  with  water,  it  became 
beautifully  white,  and  gave  no  longer  signs  of  containing 
an  acid,  but  still  bad  the  smell  of  oil  of  torpentine.  Water 
containing  some  carbonate  of  potash  deprived  it  of  part  of 
this  odour,  but  not  the  whole.  When  mixed  with  its  own 
weight  of  charcoal  powder,  wood-ashes,  quicklime,  or 
porcelain  clay,  and  sublimed,  it  was  obtained  in  a  state  of 
purity. 

Its  smell  when  pure  resembles  that  of  common  camphor, 
but  is  not  so  strong.  Its  taste  also  resembles  that  of  cam- 
phor. It  swims  on  water,  to  which  it  communicates  its 
taste,  and  bums  upon  its  surface.  It  dissolves  completely 
in  alcohol,  and  is  precipitated  by  water.  Nitric  acid,  of 
the  specific  gravity  1*261,  had  no  action  on  it,  though  ii 
readily  dissolves  common  camphor ;  but  concentrated  nitric 
acid  dissolves  it  with  the  disengagement  of  nitrous  gas ; 
and  water  does  not  precipitate  it  from  its  solution  as  it  does 
common  camphor.  Acetic  acid  does  not  dissolve  it.  When 
heated  it  sublimes  without  decomposition ;  and  when  set  on 
fire  bums  like  camphor. 

Such  are  the  properties  of  this  artificial  camphor,  as  far 
as  they  have  been  investigated.     We  see  from  them  that  it 
resembles  common  camphor,  except  as  for  as  regards  the 
action  of  acids.     In  the  experiment  of  Thenard,  the  rcsi-  Action  of 
dual  liquid  was  not  brown  but  colourless.     lie  ascribes  JJIJ**"*^^^ 
the  brown  colour  of  it,  in  preceding  experiments,  to  the  oil  of  cur- 
oil  of  turpentine  used  containing  some  resin  mixed  with  it,  P^atinc. 
whereas  his  had  been  purified  by  distilling  it.     According 
to  him  the  oil  of  turpentine  is  not  decomposed  by  this  pro- 
cess.    The  residual  liquid,  he  thinks,  may  be  owing  to  the 
presence  of  some  foreign  oil  in  oil  of  turpentine.  When  this 
residual  liquid  is  exposed  to  the  air  for  some  days  it  loses  its 
acid  properties,  though  it  still  contains  abundance  of  acid. 
But  the  acid  is  neutralized  by  the  oil. 

Gehlen  ascertained  tliat  neither  fluoric  acid  gas,  sulphur* 
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Book  IV. -0118  acid  gas,  nor  ammoniacal  gas,  produce  any  such  de- 
composition in  oil  of  turpentine.  Neither  is  any  such 
change  produced  by  the  action  of  chlorine  gas;  *  but  when 
oil  of  turpentine  is  distilled  slowly  at  a  heat  of  122^,  a 
number  of  crystals  of  camphor  sublime  from  it  f  No  other 
oils  tried  yielded  camphor  when  impregnated  with  muriatic 
acid  gas.  I 

12.  Camphor  is  much  used  in  medicine.  It  is  a  power- 
ful stimulant ;  it  is  considered  as  peculiarly  efficacious  in 
diseases  of  the  urinary  organs ;  it  is  often  serviceable  in 
mania,  and  procures  sleep  when  every  other  medidiie  CeuIs. 


SECT.  XXV. 


OF   BIRD-LIME. 


Th£  vegetable  principle  to  which  I  give  the  name  of 
bird-lime^  was  first  examined  by  Vauquelin^  who  found  it 

Discovery,  possessed  of  properties  different  from  every  other.  It  was 
found  collected  on  the  epidermis  of  a  plant  brought  to 
Europe  by  Michaud,  and  called  robinia  viscosa  by  Cels; 
constituting  a  viscid  substance,  which  made  the  fingers  ad- 
here to  the  young  twigs.  §  From  the  analysis  of  bird-^ 
lime  by  Bouillon  la  Grange,  it  is  obvious  that  it  owes  its 
peculiai*  properties  to  the  presence  of  an  analogous  sub- 
stance, which  indeed  constitutes  the  essential  part  of  that 
composiUon.il  Hence  the  reason  why  I  have  given  the 
name  oi  bird-lime  to  the  principle  itself. 

].  Natural  1.  Natural  bird-lime  (or  that  which  exudes  spontane- 
ously from  plants)  possesses  the  following  properties : 

Its  colour  is  green ;  it  has  no  sensible  taste  or  smell ;  is 
extremely  adhesive;  softens  by  the  heat  of  the  fingers,  and 
sticks  to  them  with  great  obstinacy.  When  heatecl  it  melts, 
swells  up,  and  burns  with  a  considerable  flame,  leaving  a 
bulky  charcoal  behind  it.  It  does  not  dissolve  in  water ; 
alcohol  has  but  little  action  on  it,  especially  when  cold. 
By  the  assistance  of  heat  it  dissolves  a  portion  of  it;  but 

♦  Bonllay,  Ann.  de  Chim.  li.  283.  +  Boullay,  Ibid. 

X  Ibid.  ^  Ann.  de  Chim,  xxviii.  39S. 

H  NicholsoD's  Jour.  liii.  144. 
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on  coolingy  allows  the  greatest  part  to  precipitate  agtfin.    Chap.  i. 
When  exposed  to  the  air  it  continues  glutinous,  never  be-  ^*v*"^ 
coming  hard  and  brittle  like  the  resins. 

It  combines  readily  with  oils.  Ether  is  its  true  solvent, 
dissolving  it  readily  without  the  assistance  of  heat.  The 
solution  is  of  a  deep  green  colour.  The  alkalies  do  not 
combine  with  it;  the  effect  of  the  acids  was  not  tried.* 
These  properties  arc  sufficient  to  distinguish  bird-lime  from 
every  other  vegetable  principle. 

It  is  not  unlikely  that  the  viscid  substance  which  covers 
the  stem  of  the  lychnis  viscaria^  saxifraga  tridactylitesy  and 
a  few  other  plants  common  in  this  countr}%  consists  of  this 
vegetable  principle.  It  has  not  hitherto,  as  far  as  I  know, 
been  examined  by  any  chemist. 

2.  Artificial  bird-lime  is  prepared  from  different  sub-  a.  ArtiBcud 
stances  in  different  countries.  The  berries  of  the  misletoe  ^*"*-^'"*^- 
are  said  to  have  been  formerly  employed.  They  were 
pounded,  boiled  in  water,  and  the  hot  water  poured  off. 
At  present  bird-lime  is  usually  prepared  from  the  middle 
bark  of  the  holly.  The  process  followed  in  England,  as 
described  by  G^eoffroy,  is  as  follows :  The  bark  is  boiled  iu 
water  seven  or  eight  hours  till  it  becomes  soft.  It  is  then 
laid  in  quantities  in  the  earth,  covered  with  stones,  and  lefl 
to  ferment  or  rot  for  a  fortnight  or  three  weeks.  By  this 
fermentation,  it  changes  to  a  mucilaginous  consistency.  It 
is  then  taken  from  the  pits,  pounded  in  mortars  to  a  paste, 
nnd  well  washed  with  river  water.  Bouillon  la  Grange  in- 
forms us,  that  at  Nogent  le  Rotrou  bird-lime  is  made  by 
cutting  the  middle  bark  of  the  holly  into  small  pieces,  fer- 
menting them  in  a  cool  place  for  a  fortnight,  and  then  boil- 
ing them  in  water,  which  is  afterwards  evaporated.  At 
Commerci  various  other  plants  are  used,  f 

Bouillon  la  Grange  made  bird-lime  for  tliQ  purpose  of 
analysis  by  the  following  process.  He  bruised  a  sufficient 
quantity  of  the  middle  bark  of  the  holly,  boiled  it  in  water 
for  four  or  five  hours,  and  then  deposited  it  in  pits  placed 
in  earthen  pans,  where  it  continued,  being  moistened  occa- 
sionally with  water  till  it  became  viscous.  Lastly,  it  was 
freed  from  all  heterogeneous  substances  by  washing  it  with 

*  Vauquelin,  Ann.  de  Cliim.  xxviii.  '^ICA. 
t  Nicholson's  Jour.  xiii.  145. 
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Book  IV.  pure  water.    Thus  prepared,  it  resembled  the  bird-lime  of 
^^""v**^  Commerci  very  exactly.* 

Properties.  Its  colour  is  greenish,  its  flavour  sour,  and  its  consist- 
ence gluey,  stringy,  and  tenacious.  Its  smell  is  similar  to 
that  of  linseed  oil.  When  spread  on  a  glass  plate  and  ex- 
posed to  the  air  and  light  it  dries,  becomes  brown,  loses 
its  viscidity,  and  may  be  reduced  to  powder;  but  when 
water  is  added  to  it,  the  glutinous  property  returns.  It 
reddens  vegetable  blues. 

When  gently  heated  it  melts  and  swells,  and  emits  an 
odour  like  that  of  animal  oils.  When  heated  on  red  hot 
coals,  it  bums  with  a  lively  flame,  and  gives  out  a  great 
deal  of  smoke,  leaving  a  white  ash,  composed  of  carbonate 
of  lime,  alumina,  iron,  sulphate^  and  muriate  of  potash. 

Water  has  little  action  on  bird-lime.  When  boiled  in 
water  the  bird-lime  becomes  more  liquid,  but  recovers  its 
original  properties  when  the  water  cools.  The  water,  by 
this  treatment,  acquires  the  property  of  reddening  veget- 
able blues,  and  when  evaporated  leaves  a  mucilaginous  sub- 
stance, which  may  be  likewise  separated  by  alcohoL 

A  concentrated  solution  of  potash  forms  with  bird-lime 
a  whitish  magma,  which  becomes  brown  by  evaporation, 
while  ammonia  separates.  The  compound  thus  formed  is 
less  viscid  than  bird-lime,  and  in  smell  and  taste  resembles 
soap.  In  alcohol  and  water  it  dissolves  almost  completely, 
and  possesses  properties  similar  to  tliose  of  soap. 

Weak  acids  soften  bird-lime  and  partly  dissolve  it; 
strong  acids  act  with  more  violence.  Sulphuric  acid  ren- 
ders it  black ;  and  when  lime  is  added  to  the  solution,  acetic 
acid  and  anmioiiia  separate.  Nitric  acid  cold  has  little 
efiect ;  but  when  assisted  by  heat  it  dissolves  the  bird-lime ; 
and  the  solution,  when  evaporated,  leaves  behind  it  a  hard 
brittle  mass.  By  treating  this  mass  with  nitric  add,  a  new 
solution  may  be  obtained,  which  by  evaporation  yields 
malic  and  oxalic  acids,  and  a  yellow  matter  which  possessed 
several  of  the  properties  of  wax.  Cold  muriatic  acid  does 
not  act  on  bird-lime ;  hot  muriatic  acid  renders  it  black. 

Bird-lime,  when  treated  with  chlorine,  became  white, 
and  is  divided  into  hard  compact  masses,  having  unal- 
tered  bird-lime  in  their  centre.      This   white  substance 

*  Bouillon  la  Grange,  Nicholsoo's  Jour.  siii.  145. 
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may  be  pulverised ;  it  is  insoluble  in  water,  does  not  mdt   Cb■^  i. 
when  heated ;  and  when  treated  with  nitric  acid,  it  neither 
becomes  yellow,  nor  does  it  yield  resin. 

Acetic  acid  softens  bird-lime^  and  dissolves  a  certain 
portion  of  it.  The  liquid  acquires  a  yellow  colour.  Its 
taste  is  insipid.  When  carbonate  of  potash  is  dropped  into 
this  solution,  no  precipitate  falls.  By  evaporation  it  yields 
a  reainous-like  substance. 

Some  of  the  metallic  oxides  arc  reduced  when  heated 
with  bird-lime.  Litharge  combines  with  it,  and  forms  a 
kind  of  plaster. 

Alcohol  of  the  specific  gravity  0*817  dissolves  bird-lime 
at  a  boiling  heat.  On  cooling  it  lets  fall  a  yellow  matter 
similar  to  wax.  The  filtered  liquid  is  bitter,  nauseous,  and 
acid.     Water  precipitates  a  substance  similar  to  resin. 

Sulphuric  ether  dissolves  bird-lime  readily,  and  in  great 
abundance.  The  solution  is  greenish.  When  mixed  with 
water,  an  oily  substance  separates,  which  has  some  resem* 
blancc  to  linseed  oil.  When  evaporated  a  greasy  substance 
is  obtained,  having  a  ydlow  colour  and  the  sofbiess  of  wax. 
Oil  of  turpentine  dissolves  bird-lime  readily. 

Such  are  the  properties  of  artificial  biid-Iime,  as  far  as 
they  have  been  investigated  by  Bouillon  la  Grange.*  It 
is  obvious  that  it  contained  acetic  acid,  mucilage,  and  seve* 
ral  alkaline  and  earthy  bodies,  which  must  be  considered 
as  foreign  substances.  When  these  are  removed,  the  close 
analogy  between  artificial  and  natural  bird-lime  is  suffi- 
ciently obvious. 


SECT.  XXVI. 

OF  RESINS. 


It  is  at  present  the  opinion  of  chemists,  that  resins  stand 

in  the  same  relation  to  the  volatile  oils  that  wax  does  to  the 

JixeJ,     Wax  is  considered  as  a  fixed  oil  saturated  with 

oxygen;   resins,   as  volatile  oils  saturated  with  the  same 

principle. 

The  resins  are  very  numerous ;  and  on  account  of  the 


•  Nicholson's  Jour.  xiii.  146. 
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3ook  IV.  'varioiu  purposes  to  which  they  are  applied,  and  the  pecu- 
V-vv*^  liarity  of  their  properties,  constitute  one  of  the  most  im- 
pdftant  genera  of  vegetable  substances.  Till  ktdy  they 
have  been  very  much  overlooked  by  chemists,  who  satisfied 
themselves  with  picking  up  doubtful  information  from 
artists  and  manufacturers.  Many  erroneous  opiniona  con- 
cerning them  have  of  course  been  admitted  into  every  sys- 
tem of  chemistry.  The  subject  has  lately  engaged  the  at- 
tention of  Mr.  Hatchett,  whose  happy  talent  for  observation 
peculiarly  fitted  him  for  the  task.  To  that  gentleman  I 
am  indebted  for  some  of  the  most  important  firats  in  this 
section* 
OrigiB.  Resins  often  exude  spontaneously  from  trees;  they  often 

flow  from  artificial  wounds,  and  not  uncommonly  are  com- 
bined at  first  with  volatile  oil,  from  which  they  are  sepa- 
rated by  distillation.  The  reader  can  be  at  no  loss  to  ibnn 
8  notion  of  what  is  meant  by  resirif  when  he  is  iofbrmed 
that  common  rosin  furnishes  a  very  perfect  example  of  a 
resin,  and  that  it  is  from  this  substance  that  the  whole 
genus  derived  their  name :  for  rosin  is  frequoitly  denom^ 
nated  resin. 

I.  Resins  may  be  distinguished  by  the  following  proper 
ties: 
Properties.  1.  They  are  solid  substances,  naturally  brittle;  have  a 
certain  degree  of  transparency,  and  a  colour  most  com- 
monly inclining  to  yellow.  Their  taste  is  more  or  less 
acrid,  and  not  unlike  that  of  volatile  oils;  but  they  have  no 
smell  unless  they  happen  to  contain  some  foreign  body. 
They  are  all  heavier  than  water.  They  are  all  non-con- 
ductors of  electricity ;  and  when  excited  by  friction,  their 
electricity  is  negative. 
Specific  2.  Their  specific  gravity  varies  considerably.    The  fol- 

S«vuy.       lowing  table  exhibits  a  view  of  the  specific  gravi^  of  such 
of  the  resins  as  have  been  hydrostatically  examined.* 

Elemi l-oi82 

Anime    r0284 

Highgate  resin  •  •  l"04^t 

*  The  specific  gravities  in  the  text  were  ascertained  by  Brisson.  The 
older  writers  dither  so  much  from  each  other,  that  there  is  reason  to  sus- 
pect that  the  buhstances  tried  were  not  always  those  to  which  we  at  pre- 
fect give  the  same  names.  t  By  my  trials. 
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Copal 1*069*  Chap.  I. 

Tacamahac 1'046S  ^"V*^ 

Rosin 1-0727 

Masticb 1*0742 

Sandaricb  ...:..  1*0920 

Lac 1*1890 

Labdanum 1*1862 

3.  When  exposed  to  heat  they  melt;  find  if  the  heat  be  Action  of 
increased  they  take  fire,  and  bum   with  a  strong  yellow '^"^ 
dome,  emitting  at  the  same  time  a  vast  quantity  of  smoke. 

4.  They  are  all  Insoluble  in  water  whether  cold  or  hot ;  Witci. 
but  when  they  are  melted  along  with  water,  or  mixed  with 
volatile  oil,  and  then  distilled  with  water,  they  seem  to 
unite  with  a  portion  of  that  liquid ;  for  they  become  opaque, 
and  lose  much  of  their  brittleness.  This  at  least  is  the  cadd 
with  common  rosin. 

5.  They  are  all,  with  a  few  exceptions,  soluble  ill  alcohol.  Alcohol 
especially  when  assisted  by  heat     The  solution  is  usually  ^^  *^**^* 
transparent;  and  when  the  alcohol  is  evaporated,  the  resin 

is  obtained  unaltered  in  its  properties.  Alcohol,  according 
to  Tingry,  never  takes  up  more  than  one-third  of  its 
weight  of  resin.  When  the  solution  is  mixed  with  water, 
it  becomes  milky,  and  the  resin  falls  in  the  state  of  a  white 
powder.    They  are  soluble  also  in  sulphuric  ether. 

6.  Several  of  them  are  soluble  in  fixed  oils,  especially  iii  Oils. 
the  drying  oils.    The  greater  number  are  soluble  in  the 
volatQe  oils ;  at  least  in  oil  of  tUrpebtine,  the  one  commonly 
employed. 

7.  Mr.  Hatchett  first  examined  the  action  of  fixed  alka-  Alkalies. 
lies  on  resins,  and  ascertained,  contrary  to  the  received  opi- 
nion of  chemists,  that  alkaline  leys  dissolve  them  with  fad- 

Bty,  He  reduced  a  quantity  of  commdn  rdsin  to  powdef, 
and  gradually  adding  it  to  a  boiling  lixivitmi  of  carbonate 
of  potash,  a  perfect  solution  was  obtain!^  of  a  clear  ycUotv 
cdour,  which  continued  permahetit  ader  long  exposure  to 
the  Air.  The  experiment  succeeded  equally  with  carbonate 
of  aoda,  mid  with  solutions  of  pure  potash  or  soda.  Every 
Other  resin  tried  was  dissolved  as  well  as  ros'w.  Nothing 
can  afibrd  a  more  striking  proof  than  this,  of  the  necessity 
of  repeating  the  experiments  of  our  predecessors  before  we 

•  By  my  trials. 
VOL.  IV.  K 
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Book  IV.  put  implicit  confidence  in  their  assertions.  Mr.  Hatchettfs 
^^**v*^  discovery  must  lead  to  very  important  consequences.  The 
well-known  fact,  that  tlie  soap-makers  in  this  country  con- 
stantly mix  rosin  with  their  soap ;  that  it  owes  its  yellow 
colour,  its  odour,  and  its  easy  solubility  in  water  to  this 
addition,  ought  to  have  led  chemists  to  have  suq>ected  the 
solubility  of  resins  in  alkalies.  No  such  consequence,  how- 
ever,  was  drawn  from  this  notorious  &ct. 

These  alkaline  solutions  of  resins  have  the  properties  of 
soap,  and  may  be  employed  as  detergents.  When  mixed 
with  an  add,  the  resin  is  separated  in  flakes^  usually  of  a 
yellow  colour,  and  not  much  altered  in  its  nature. 

Ammonia  acts  but  imperfectly  upon  resins,  and  does 
not  form  a  complete  solution  of  any  of  those  bodies  hitherto 
tried. 
Adds.  8.  It  was  the  received  opinion  of  chemists  that  adds  do 

not  act  upon  resins.  This  opinion  seems  to  have  been 
founded  on  the  known  effects  of  nitric  acid  upon  oils,  and 
on  the  old  theory  derived  from  that  action,  that  resins  are 
compounds  of  an  oil  and  an  add.*  Mr.  Hatchett  first 
ascertained  this  opinion  also  to  be  erroneous,  and  showed 
that  most  of  the  acids  dissolve  r^ins  with  facility,  producing 
different  phenomena  according  to  circumstances. 
Sulphoiic  When  sulphuric  acid  is  poured  upon  any  of  the  re^ns  in 
**^'  *  powder,  it  dissolves  them  in  a  few  minutes.     At  first  the 

solution  is  transparent,  of  a  yellowish-brown  colour,  and  of 
tlie  consistency  of  a  viscid  oil,  and  tlie  resin  may  be  precipi- 
tated nearly  unaltered  by  the  addition  of  water.  If  the  so- 
lution be  placed  on  a  sand  bath,  its  colour  becomes  deeper, 
sulphurous  acid  gas  is  emitted,  and  it  becomes  very  thick, 
and  of  an  intense  black.t  If  the  solution,  some  time  after 
it  is  completed,  and  before  it  has  acquired  the  deep  black 
colour,  be  edulcorated,  and  the  residuum  digested  in  alco- 
hol, and  the  alcohol  afterwards  separated  by  distillation, 
the  residue  is  in  part  soluble  in  cold  water,  and  the  portion 
dissolved  possesses  the  properties  of  artificial  tannin.  ^  Thus 
it  appears,  that  sulphuric  acid  dissolves  resins,  but  gradually 
acts  upon  them  after  the  solution  is  completed,  converting 

*  See  Hoffmao,  Observ.  Phys.  Cbim.  Select,  p.  55. 

t  Hatchett  on  an  Artificial  Tanning  Substance,  Phil.  Trans.  180j^ 

t  Hatchett's  Third  Series  of  Experiments,  ibid.  1806. 
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them  fint  into  artificial  tannin,  and  afterwards  reducing  Chap.  i. 
tliem  to  charcoal :  fat  the  last  black  state  of  the  solution  is.  ^**v*^ 
owing  to  the  evolution  of  this  substance.  The  charcoal  thus 
jfimned  is  dense,  and  bums  rather  like  mineral  than  vege- 
taUe  coal.  Its  quantity  is  also  very  considerable,  llie 
following  table  exhibits  a  view  of  the  proportion  of  char- 
coal obtained  by  Mr.  Hatchett,  by  digesting  different 
rerins  in  sulphuric  acid,  edulcorating  the  residue,  and  sepa^ 
rating  the  tannin  by  means  of  alcohol  and  water.*  The 
quantity  of  resin  employed  was  always  100  grains. 

Copal    67  grains.  Charcoal 

Mastich    66  ^''°^'«*- 

Elemi   63 

Tacamahac  ....  62 

Amber 56 

Rosin    43 

The  quantity  of  charcoal  formed  by  this  process  is  very 
remarkable.  The  same  substances,  when  charred  in  the 
usual  way  by  exposure  to  a  red  heat  in  close  vessels,  yield 
very  little  charcoal.  The  following  table  exhibits  the 
quantity  obtained  by  Mr.  Hatchett  from  J  00  grains  of 
several  cS  them,  f 

Mastich     4*50  grains 

Amber 3-50 

Rosin 0*65 

Nitric  acid  likewise  dissolves  the  resins  with  facility,  but  Nitric  add. 
not  without  changing  their  nature.  Mr.  Hatchett  was  first 
led  to  examine  the  action  of  this  acid  on  resins,  by  observ- 
ing that  resins  are  thrown  down  by  acids  from  their  solu- 
tions in  alkalies  in  the  state  of  a  curdy  precipitate ;  but 
when  nitric  acid  is  added  in  excess,  the  whole  of  the  preci- 
pitate is  redissolved  in  a  boiling  heat.  This  remarkable 
bet,  which  did  not  hold  when  sulphuric  or  muriatic  adds 
were  used,  led  him  to  try  whether  tlic  resins  wore  soluble 
in  nitric  acid.  He  poured  nitric  acid  of  the  specific  gravity 
1*38,  on  powdered  rosin  in  a  tubulated  retort;  and  by  re- 
peated distillation  formed  a  complete  solution  of  a  brownish 
yellow  colour.    The  solution  took  place  much  sooner  in  an 

*  Hatcbett's  Third  Series  of  Experiments,  Phil.  Trans.  1806. 
t  Hitchett,  ibid. 
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Book  iv.  open  matrais  than  in  dose  Tends.  The  solution  eontinnei 
"^"^v^  permanent,  though  left  exposed  to  the  air.  It  becomes 
turbid  when  water  is  added;  but  when  themixtuiebboiIed» 
the  wh<de  is  redissolved.  When  Mr.  Hatchett  collected 
the  precipitate  thrown  down  by  water  by  filtration^  he  fiittnd 
that  it  still  possessed  several  of  the  properties  of  resin.  The 
resin  is  thrown  down  from  nitric  acid  by  potash^  soda,  and 
ammonia ;  but  an  excess  of  these  alkalies  redissolres  the 
precipitate,  and  forms  brownish  orange-colottred  liquids. 
When  Mr.  Hatchett  dissolved  resin  in  boiling  nitric  add, 
the  solution  was  attended  with  a  copious  discharge  of  nitrous 
gas;  and  when  the  powdered  resin  was  thrown  into  cold 
nitric  acid,  a  considerable  effervescence  soon  took  places 
and  a  porous  mass  was  formed,  commonly  of  a  de^  orange 
colour. 

When  the  digestion  of  nitric  acid  upon  a  resinous  sub- 
stance is  continued  long  enough,  and  the  quantity  of  add  is 
sufficient,  the  dissolved  resin  is  completely  duuiged;  it  is 
not  precipitated  by  water ;  and  by  evaporation,  a  viscid  sub- 
stance of  a  deep  yellow  colour  is  obtained,  equally  soluUe 
in  water  and  alcdiol,  and  seemingly  intermediate  between 
Tannin  resiu  and  extractive.*  If  the  abstraction  of  nitric  add  be 
fotmed.  repeated,  this  substance  gradually  assumes  the  properties  of 
artificial  tannin. f  Thus  it  appears  that  nitric  add  gradually 
alters  the  nature  of  resin,  producing  a  suite  of  changes 
which  terminate  in  artifidal  tannin,  upon  which  nitric  acid 
has  no  action. 
Acetic  acid.  Muriatic  acid  and  acetic  acid  dissolve  resin  slowly,  and 
it  may  be  precipitated  again  from  them  unaltered.  Mr. 
Hatchett,  to  whom  we  are  indebted  for  the  knowledge  of  all 
these  solutions,  recommends  acetic  acid  as  an  excellent 
solvent  of  resins  for  vegetable  analyses.  He  employed  it 
himself  with  much  address  in  his  analysis  of  the  difierent 
varieties  of  lac.| 
t)i8tiUa-  9.  When  resins  are  subjected  to  destructive  distillation, 
We  obtain,  according  to  Gren,  carbureted  hydrogen  and 
carbonic  acid  gas,  a  very  small  portion  of  acidulous  water, 
and  much  empyreumatic  oik  The  charcoal  is  light  and 
brilliant,  and  contains  no  alkali.§ 

*  Hatchett  on  an  Artiiicial  Tanning  Substance,  Phil.  Trans.  1805. 
t  Hatchett's  Additional  Experiroenty  on  Artificial  Tannin,  Phil.  Trans. 
1805.  t  Phil.  Trans.  1804.  S  Handbach,  ii.  140. 
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10.  When  Tolatile  oils  are  exposed  for  some  time  to  the    Chip.  i. 
actioa  of  the  atmosphere,  they  acquire  consistent}'!  and  ^""v*"^ 
asrame  the  properties  of  resins.    During  this  change  they 
abaorb  a  quantity  of  oxygen  from  the  air.    Westrumb  put 
SO  grains  of  oil   of  turpentine  into  40  cubic  inches  of 
chlorine  gas.     Heat  was  evolved ;  the  oil  gradually  evar 
poratedy   and  assumed  the  form  of  yellow  resin.  *     Mr. 
Proust  observed,  that  when  volatile  oil  is  exposed  to  the 
air,  it  is  partly  converted  into  a  resin,  and  partly  into  a 
crystallized  acid;  usually  the  benzoic  or  the  camphoric. 
Hence  we  see  that  the  oil  is  converted  into  two  distinct  sub- 
stances.   During  this  change  oxygen  is  absorbed;  and 
Fourcroy  has  observed  that  a  portion  of  water  is  also 
formed. t     It  is  probable,  from  these  fiacts,  that  resin  is  vo-  Supposed  t* 
latile  oil  deprived  of  a  portion  of  its  hydrogen,  and  com-  ^  Yo^die 
bined  with  oxygen.    The  experiments  of  Mr.  Hatchett  have  »  oi^ro! 
added  much  to  the  plausibility  of  this  theory. 

No  doubt  the  different  resins  contain  different  propor- 
tions of  oxygen,  carbon,  and  hydrogen,  which  are  the  only 
constituents.  Hitherto  only  two  resins  have  been  analysed 
with  the  requisite  precision  to  enable  us  to  estimate  the 
number  of  atoms  which  enter  into  their  composition.  These 
are  common  rosin  and  copal.  Rosin,  according  to  the 
analysis  of  Gay-Lussac  and  Thenard,  is  composed  of 

Oxygen I3*3S7 

Carbon 75*944 

Hydrogen....  10-719 

100-000 1 

The  smallest  number  of  atoms  which  correspond  with 
this  analysb  are  the  following : 

2  atoms  oxygen . . . .  =    2        13*44 

15  atoms  carbon  . . . .  s  11*25   75*63 

13  atoms  hydrogen . .  =    1*625 10-93 

90  14*875  100-00 

Whether  this  table  exhibits  its  real  constitution  cannot 

«  CraU't  Aimals,  i.  1790.  f  Fourcroj,  yiii.  10. 

]   Itodflichtt  Pbytico-cbiiBiqaM,  ii,  813. 
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Book  IV.  be  known  till  the  weight  of  an  atom  of  rosin  be  detfrmined 
^^""vrr^  by  combining  it  with  substances  with  which  it  coten  into 
combination  in  definite  proportions.  But  we  ave  aoie  that 
its  weight  is  either  14*875,  or  some  mttlti|de  of  that 
number.  From  this  composition,  we  see  that  it  may  by 
heat  be  totally  converted  into 

Water MS 

Olefiantgas 9*625 

Carbon 8*000 

14-875 

G>pa]9  according  to  the  experiments  of  the  same  chemist, 
is  composed  of 

Oxygen 10-606 

Carbon 76-811 

Hydrogen....  12-583 

lOO-OOO* 

The  smallest  number  of  atoms  which  correspond  with 
this  analysis  are 

2  atoms  oxygen  . . . .  =    2      10*81 

19  atoms  carbon   ....  =  14*25 77*02 

18  atoms  hydrogen  ..  =    2*25 12*17 

89  18*5  100-00 

Copal,  according  to  this  analysis,  contains  5  atoms  of 
hydrogen  and  4  of  carbon  more  than  rosin.    It  may  be 

resolved  into 

Water 225 

Olefiant  gas .  • .  •  14*00 
Carbon 2-25 

18-50 

11.  Hermsbstadt  affirms,  that  to  know  whether  any 
vegetable  substance  contains  resin,  we  have  only  \o  pour 
some  sulphuric  ether  upon  it  in  powder,  and  expose  the  in- 
fusion to  the  light  If  any  resin  be  present,  the  ether  will 
assume  a  brown  colour. 

*  Recherdies  Pbyiico-cfaiauques,  iL  314. 
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IL  Mmng  now  described  the  general  properties  of  Chap.i. 
Tesinoos  bodies^  it  will  be  proper  to  ^ike  a  more  particular  ^*X^ 
view  of  those  of  them  which  are  of  the  most  importance,  gjns.**  " 
that  we  may  ascertain  how  far  each  possesses  the  general 
characters  of  resins,  and  by  what  peculiarities  it  is  distin- 
guished from  the  rest.   The  most  distinguished  of  the  resins 
are  the  following : 

I.  Rfmn. — This  substance  is  obtained  from  difTerent  spe-  Rosin, 
cies  of  Jir;  as  the  pinus  abies^  sylvestris,  larix^  balsamea. 
It  is  well  known  that  a  resinous  juice  exudes  from  the  pinus 
sylvestris,  or  common  Scotch  fir,  which  hardens  into  tears. 
The  same  exudation  appears  in  the  pinus  abiesj  or  spmce 
fir.  These  tears  constitute  the  sul»tance  called  ihtis^  or 
common  frankincense.  When  a  portion  of  bark  is  strip* 
ped  off  these  trees,  a  liquid  juice  flows  out,  which  gradually 
hardens.  This  juice  has  obtained  different  names,  accord- 
ing to  the  plant  from  which  it  comes.  The  pinus  syluestris 
yields  common  turpentine  ;  the  larixj  Venice  turpentine  ;  the 
balsamea^  balsam  of  Canada^  &c.  All  these  juices,  which 
are  commonly  distinguished  by  the  name  of  turpentine,  are 
considered  as  composed  of  two  ingredients ;  namely,  oil  of 
turpentine  and  rosin.  When  the  turpentine  is  distilled, 
the  oil  comes  over,  and  the  rosin  remains  behind.  When 
the  distillation  is  continued  to  dryness,  the  residuum  is 
known  by  the  name  of  common  rosin,  or  colophonium ; 
but  when  water  is  mixed  with  it  while  yet  fluid,  and  in- 
corporated by  violent  agitation,  the  mass  is  called  yellow 
rosin.  During  winter  die  wounds  made  in  the  fir  trees 
become  encrusted  with  a  white  brittle  substance  callcdknros, 
or  galipot,  consisting  of  rosin  united  to  a  small  portion  of 
oil.  The  yellow  rosin  made  by  melting  and  agitating  this 
substance  in  water  is  preferred  for  most  purposes;  because 
it  is  more  ductile,  owing  probably  to  its  still  containing 
some  oil.*  Tlie  properties  of  rosin  are  those  which  have 
been  detailed  in  the  former  part  of  this  Section.  Its  uses 
are  numerous  and  well  known. 

S.  Mastich. — This  resin  is  obtained  from  the  ptstacea  lentil  Mastich. 
cus;  a  tree  which  grows  in  the  Levant,  particularly  in  tlie 
island  of  Chios.  When  transverse  incisions  are  made  into  this 
tree^  a  fluid  exudes,  which  soon  concretes  into  yellowish 

*  See  NeuDUum's  Chemistry;  p.  286. 
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Qookiv.  semitransparent  brittle  grains.*  In  this  state  it  is  sold 
^^"■"v*^  under  the  name  of  mastich.  It  softens  when  kept  in  the 
mouth,  but  imparts  very  little  taste.  This  hat  induced 
surgeons  to  employ  it  to  fill  up  the  cavities  of  carious  teeth, 
which  it  does  tolerably  well.  When  heated,  it  melts  and 
exhales  a  fragrant  odour.  Its  taste  is  slight,  but  not  un- 
pleasant In  Turkey  great  quantities  of  it  are  said  still  to 
be  chewed  for  sweetening  the  breath,  and  strengthening  the 
gums.  It  is  to  this  use  of  the  resiii  as  a  masticatory  that  it 
is  supposed  to  owe  its  namcf  Mastich  does  not  dissolve 
completely  in  alcohol;  a  soft  elastic  substance  separates 
during  the  solution.  This  substance,  in  Neumann's  ezpe- 
periments,  amounted  to  about  ^rth  of  the  mastich ;  X  but  in 
those  made  more  lately  by  Mr.  Matthews,  it  was  nearly  a 
CoDttint  fifth .$  The  nature  of  this  insoluble  portion  was  first  exa- 
^y'j  mined  by  Kincl,||  who  found  it  possessed  of  all  the  proper^ 
ties  of  caoutchouc.  These  experiments  have  lately  been 
repeated  by  Mr.  Matthews  widi  a  similar  result.^^  Mr. 
Brande,  however,  has  observed,  that  when  this  insoluble 
substance  is  dried  it  becomes  brilde,  in  which  Tespcdit 
differs  from  caoutchouc  He  has  observed  also,  that  by 
passing  a  current  of  chlorine  gas  through  the  alcoholic 
solution  of  mastich,  a  tough  elastic  substance  is  thrown 
down,  precisely  similar  to  the  original  insoluble  portion.ff 
When  mastich  is  distilled  either  with  water  or  alcohol, 
nothing  considerable  comes  over  with  these  liquids;  but 
Hoffman  ascertained,  that  if  the  resin  be  first  mixed  in  a 
mortar  with  its  own  weight  of  carbonate  of  potash,  and 
afterwards  distilled  with  alcohol,  the  liquid  comes  over  both 
with  the  smell  and  taste  of  mastich.^^  With  the  other 
agents  it  exhibits  the  phenomena  described  in  the  former 
part  of  this  section. 
Sandarach.      3,  Sondarack. — ^This  resin  is  obt^dned  froip  the  thuya  ar* 

*  See  Neumann's  Chemistrj^  p.  297.  f  Ibid.  p.  998. 

t  Ibid.  §  Nicholson's  Jour.  X.  847. 

II    Crell's  Annals,  1794,  ii.  185.  «•  Nicholson's  Jour.  x.  247. 

ft  Phil.  Mag.  XXV.  111.  From  these  experiments,  together  with  those 
of  Dr.  Wollaston  on  this  substance,  there  can  be  little  doubt  that  it  is  a 
peculiar  vegetable  principle.  It  may  be  characterized  thus :  brittle,  se- 
mitransparent, fusible  like  resins,  insoluble  in  water  and  alcohol,  soluble 
in  ether. 

1 1  Hoffmann,  Obterv.  Fhys.  Chim.  Select,  p.  68. 
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•tladaia,  which  grows  in  Barbary.*  It  exndcs  spontanea  Chap.  L 
ousljy  and  is  usually  in  the  state  of  small  round  tears  of  a  "^-"v*^ 
brown  colour,  and  semitransparent,  not  unlike  mastich, 
but  rather  more  transparent  and  brittle.  When  chewed  it 
does  not  soften  as  mastich  does,  but  crumbles  to  powder. 
Mr.  Matthews  found  it  almost  completely  soluble  in  eight 
times  its  weight  of  alcohol.  The  residue  was  extraneous 
nuttter.f  It  does  not  dissolve  in  tallow  or  oil,  as  common 
lesin  does.:):  Mr.  Hatchett  found  it  soluble  in  alkalies  and 
adds  with  the  same  phenomena  as  common  resin.^ 

4.  ElemL — This  resin  is  obtained  from  the  amyris  ele^  Eienii. 
mifera ;  a  tree  which  grows  in  Canada  and  Spanish  Ame- 
rica. Incisions  are  made  in  the  bark  during  dry  weather, 
and  the  resinous  juice  which  exudes  is  left  to  harden  in  the 
sun.  It  comes  to  this  country  in  long  roundish  cakes 
wrapped  in  flag  lejfives.  It  is  of  a  pale  yellow  colour,  se- 
mitransparent;  at  first  softish,  but  it  hardens  by  keeping. 
Its  smeU  is  at  first  strong  and  fragrant,  but  it  gradually  di- 
minishes. Neumann  found  that  alcohol  dissolved  4-i-^lis  of 
this  substance ;  the  remainder  consisted  chiefly  of  impuri- 
ties, and  was  partly  taken  up  by  water.  Both  water  and 
alcohol,  when  distilled  with  it,  come  over  strongly  impreg- 
nated with  its  flavour.  Along  with  the  water  there  comes 
over  a  fragrant  volatile  oil,  which  amounts  to  about  -^th 
•of  the  resin  employed.  || 

5.  Tacamahac — This  resin  is  obtained  from  the  fagara  Tactma- 
oc^oRdro,  and  likewise,  it  is  supposed,  from  the  populus  balr-  ^^*^* 
samifertL  It  comes  from  America  in  large  oblong  masses 
wrapt  in  flag  leaves.  It  is  of  a  light  brown  colour,  very 
brittle^  and  easily  melted  when  heated.  When  pure  it  has 
an  aromatic  smell  between  that  of  lavender  and  mudc. 
When  distilled  along  with  water  or  alcohol,  notliing  comes 

*  Tbenard,  Traits  de  Chimie,  iii.  285. 

f  Nicholson's  Jour.  x.  246.  %  I^^* 

\  Giese,  an  apothecary  of  Augisbuiig,  announced  in  Scherer's  Journal 
for  1802,  p.  536y  that  sandarach  does  not  dissolve  completely  in  alcohol; 
that  the  residue  amounts  to  about  one-6fUi  of  the  whole.  This  residue 
ha  considers  as  a  peculiar  substance.  Mr.  Matthews  proved,  by  a  set  of 
eiperiiBentSy  that  the  whole  of  this  statement  is  inaccurate.  I  have  do 
doaht  that  Giese  employed  mastich  instead  of  sandarach,  and  that  the 
insdnbU  substance  detected  was  caoutchooc. 

n  Nenowm't  Chem.  p.  296. 
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Book  IV.  over  with  theie  liquids.   When  pure  it  dissolves  oonqileielj 
^"""V"*^  in  alcohol,  and  water  has  no  action  on  it.* 
A1U1116  6.  Mmi. — This  resin  is  obtained  irom  the  hfrnemBa 

courbarilf  or  locust  tree,  which  is  a  native  of  Nordi  Ame* 
rica.  Anim^  resembles  copal  very  much  in  its  appearance ; 
but  is  easily  soluble  in  alcohol,  which  oopal  is  not :  this 
readily  distinguishes  them.  It  is  said  to  be  very  frequently 
employed  in  the  making  of  varnishes.  Alcohol  dissolves  it 
completely.  Water,  according  to  the  experiments  of  Neu- 
mann, dissolves  about  -y^h  of  it;  and  when  the  decoction 
is  evaporated,  it  leaves  an  unctuous  mass,  which  makes  the 
fingers  oily.  Alcohol  distilled  over  it  acquires  both  the 
smell  and  taste  of  anim^.  Water  distilled  Bma  it  shows  on 
its  surfiure  a  small  quantity  of  volatile  oiLf 
Iftdanam.  7*  Ladanum  or  labdanum. — This  resin  is  obtained  firom 
the  cystus  creikusj  a  shrub  which  groivs  in  Syria  and  the 
Grecian  Islands.  Tlie  surface  of  this  shrub  is  covered  with 
a  viscid  juice,  which,  when  concreted,  forms  ladanum.  It 
is  collected  while  moist  by  drawing  over  it  a  kind  of  rake 
with  thongs  fixed  to  it.  From  these  thongs  it  is  afterwards 
scraped  with  a  knife.  It  is  always  mixed  with  dost  and 
sand,  sometimes  in  great  abundance.  The  best  is  in  daik 
coloured  masses,  almost  black,  and  very  soft,  having  a  fra- 
grant odour  and  a  bitterish  taste.  The  impurities,  even  in 
the  best  kinds,  amount  to  about  -fth.  Water  dissolves  ra- 
ther more  than  -^ih  of  the  pure  portion,  and  the  matter 
taken  up  is  said  to  possess  gummy  properties.  When  dis- 
tilled with  water,  a  small  quantity  of  volatile  oil'rises.  Al- 
cohol likewise  comes  over  impregnated  with  the  taste  and 
smell  of  labdanum.l 
Botiny  Bay  8.  Botany  Bay  r^Wn.— -This  resin  is  said  to  be  the  pro- 
"*"*•  /luce  of  the  acarois  resinifera ;  a  tree  which  grows  abun- 
dantly in  New  Holland,  especially  near  Botany  Bay.  Spe- 
cimens of  it  were  brought  to  London  about  the  year  1799, 
where  it  was  tried  as  a  medicine.  Some  account  was  given 
of  it  in  Governor  Philips's  Voyage,^  and  in  White's 
Journal  of  a  Voyage  to  New  South  Wales ;  ||  but  it  is  to 
Professor  Lichtenstein  that  we  are  indebted  for  an  account 
of  its  chemical  properties.    He  obtained  specimens  firom 


\ 


*  Neumann's  Chem.  p.  205.         f  Ibid.  p. 
§  DuDcan'a  New  Dispensary,  p.  60. 


297.  t  Ibid.  p.  895. 

y  Appendix,  p.  Si5. 
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TjcmdoOf  and  pidiluhiBd  the  result  of  his  expeoriments  in    Chip.  i. 
Crell'0  JoomoL* 

The  resin  exudes  spontaneously  from  the  trunk  of  the 
lingnlar  tree  which   yields  it,  especially  if  the  bark  be 
wounded.     It  is  at  first  fluid,  but  becomes  gradually  solid 
when  dried  in  the  sun.     Accorduig  to  Governor  Philips,  it 
is  collected  usually  in  the. soil  which  surrounds  the  tree^ 
having  doubtless  run  down  spontaneously  to  the -ground. 
It  consists  of  pieces  of  various  sizes  of  a  yellow  colour, 
unless  when  covered  with  a  greenish  grey  crusL    It  is  firm,  Propeitks. 
yet  britde ;  and  when  pounded,  does  not  stick  to  the  mortar 
nor  cake.    In  the  mouth  it  is  easily  reduced  to  powder 
without  sticking  to  the  teeth.    It  communicates  merely  a 
slight  sweetish  astringent  taste.    When  moderately  heated, 
it  melts;  on  hot  coals  it  bums  to  a  coal,  emitting  a  white 
smoke^  which  has  a  fi'agrant  odour  somewhat  like  storax. 
When   thrown  into  the   fire^  it  increases  the  flame  like 
pitch.    It  communicates  to  water  the  flavour  of  storax,  but 
u  insoluble  in  that  liquid.     When  digested  in  alcohol,  two* 
thirds  dissolve :  the  remaining  third  consists  of  one  part  of 
extractive  matter,  soluble  in  water,  and  having  an  astrin- 
gent taste;  and  two  parts  of  woody  fibre  and  other  impu* 
rities,  perfectly  tasteless  and  insoluble.     The  solution  hsM  a 
brown  colour,  and  exhibits  the  appearance  and  the  smell 
of  a  solution  of  benzoin.     Water  throws  it  down  unal« 
tered.    When  distilled,  the  products  were  water,  and  em- 
pyreumatic  <nl,  and  charcoal ;  but  it  gives  no  traces  of  any 
acid,  alkali,  or  salt,  not  even  when  distilled  with  water. 

Twelve  parts  were  boiled  in  a  solution  of  pure  soda  in  ActkmoC 
water. f    Two  parts  of  the  resin  were  dissolved;  there-**^» 
maining  ten  parts  were  floating  on  the  solution,  cohering 
together  in  clots.  No  crystals  were  obtained  by  evaporating 
put  of  the  solution ;  and  when  sulphuric  acid  was  dropped 
into  another  portion,  resin  separated  unaltered.     When  And  nitric 
mixed  with  twice  its  weight  of  nitric  acid,  the  resin  swims  *^^- 
unaltered  on  the  surface;  but  when  heat  is  applied,  a  con* 
efiervescence  takes  place.    The  digestion  was  con* 
till  the  efiervescence  stopped,  and  the  resin  swam 
on  the  surfiioe  of  the  liquid  coUected  tc^ther  in  clots.     It 
was  then  separated  by  filtration.    It  had  lost  yt ^  of  its 

•  1799,  u.  S49. 

t  By  pure  lodasalze^  it  is  impossible  to  sajr  whether  lichtenstein  meant 
iIm  carbonate  of  soda  or  pure  soda. 
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Book  IV.  weight  The  resin  thus  treated  had  acquired  a  bttterish 
^^"""v^^l  taste,  was  not  so  easily  melted  as  before^  and  aloohol  waa 
cq)able  of  dissolving  only  one-half  of  it.  The  solution 
was  brown,  tasted  like  bitter  almonds;  and  when  mixed 
with  water,  let  fall  a  yellow  resinous  precipitate  of  a  Teiy 
bitter  taste.  The  insoluble  portion  mixed  with  water,  but 
formed  a  turbid  liquid,  which  passed  through  the  filter. 
The  nitric  acid  solution  separated  from  the  resin  by  filtra- 
tion was  transparent ;  its  colour  was  yellow;  its  taste  bitter; 
and  it  tinged  substances  dipped  into  it  of  a  ydlow  colour. 
By  evaporation  it  yielded  oxalic  acid,  and  deposited  a 
yellow  earthy-like  powder.  This  last  substance  was  inso- 
luble in  water,  and  scarcely  soluble  in  alcohoL  Its  taste 
was  exquisitely  bitter  like  quassia.  It  mixed  with  the  saliva, 
and  readily  stamed  the  skin  and  paper  yellow.  The  resi- 
duum continued  bitter  and  yellow ;  but  yidded  no  preci- 
pitate with  potash  and  nitrate  of  lime.''^ 

I  have  been  thus  particular  in  my  account  of  Lichten- 
stein's  experiments,  on  account  of  the  very  curious  results 
which  he  obtained.    Had  he  onployed  stronger  reagents 
and  greater  heat^  he  would  have  most  probably  anticipated 
the  curious  discoveries  of  Hatchett    The  bitter  substenoe, 
into  which  he  converted  this  resin  by  nitric  acid,  deserves 
particular  attention.     He  suq)ects  that  it  is  capable  of  pro* 
ducing  the  same  changes  on  all  the  resins :  a  conjecture 
which  he  verified  with  regard  to  colophonium^  as  he  found 
it  to  yield  equally  a  yellow  bitter  substance.    We  now 
know  from  the  experiments  of  Hatchett,  that  the  action  of 
nitric  acid  on  the  resins  terminates  in  the  formation  of  arti- 
ficial tannin,  which  possesses  a  very  bitter  taste. 
Bltck  pop-      9.  Black  poplar  resin. — In  the  year  1770,  the  black  pop- 
*r  ntin.     j^  ^^^  pointed  out,  in  a  German  periodical  woric,  as  a 
tree  from   which  abundance  of  wax  could   be  obtained. 
It  was  even  said,  that  a  manufactory  of  candles  from  the 
wax  of  this  tree  had  been  established  in  Italy.     This  ac* 
count  having  been  revived  in  1804,  Schrseder  was  induced 
to  make  a  set  of  experiments  on  the  subject.    He  found, 
that  when  the  buds  of  this  tree  are  boiled  in  water  and 
properly  pressed,  they  yield  about  -J-th  of  their  weight  of 
a  yellowish-white  substance,  which  possesses  the  properties 
of  a  resin,  and  resembles,  according  to  him,  the  yellow 
resin  of  Botany  Bay.    When  digested  in  water,  a  coloured 

*  licbtenstein,  Crell's  Jour.  1709,  ii.  S42. 
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lolution  if  dbtainedy  which  reddens  litmus  paper,  which  be-  Chap.  I. 
comes  muddy  by  coolings  and  which  when  evaporated  de-  ^^^v*""^ 
posies  small  crystals.* 

10.  The  green  resm^    which  constitutes   the  colouring  gicco  n- 
matter  of  the  leaves  of  trees,  and  almost  all  vegetables,  is  **"* 
insoluble  in  water,  and  soluble  in  alcohol.  From  the  expe- 
riments of  Proust  we  learn,  that  when  treated  with  chlorine 

it  assumes  the  colour  of  a  withered  leaf,  and  acquires  the 
resinoiis  properties  in  greater  perfection,  f 

11.  CopaL — This  substance,  which  deserves  particular  Copal, 
attention  from  its  importance  as  a  varnish,  and  which  at 
first  sight  seems  to  belong  to  a  distinct  class  fix>m  the 
resins,  is  obtained,  it  is  said,  from  the  thus  copallinum^  a 
tree  which  is  a  native  of  North  America ;  but  the  best 
sort  of  copal  is  said  to  come  from  Spanish  .America,  and 

to  be  the  produce  of  different  trees.    No  less  than  eight 
species  are  enumerated  by  Hemadez.  % 

Copal  is  a  beautiful  white  resinous  substance,  with  a 
slight  tint  of  brown.  It  is  sometimes  opaque,  and  some- 
times almost  perfectly  transparent.  When  heated  it  melts 
like  other  resins ;  but  it  differs  from  them  in  not  being  so- 
luUe  in  alcohol,  nor  in  oil  of  turpentine  without  peculiar 
management.  Neither  does  it  dissolve  in  the  fixed  oils 
with  the  same  ease  as  the  other  resins.  It  resembles  gum 
anim^  a  little  in  appearance;  but  is  easily  distinguished  by 
the  solubility  of  this  last  in  alcohol,  and  by  its  being  brit- 
tle between  the  teeth,  whereas  anim6  softens  in  the  mouth.  $ 
The  qpecific  gravity  of  copal  varies,  according  to  Brisson, 
from  l-04>5  to  M39.  I  found  it  1*069.  Mr.  Hatchett 
found  it  soluble  in  alkalies  and  nitric  acid  with  the  usual 
phenomena;  so  that  in,  this  respect  it  agrees  witli  the  other 
resins.  Hie  solution  of  copal  in  ulkahcs  he  found  indeed 
opalescent,  but  it  is  nevertheless  permanent  It  deserves 
attention,  that  he  found  rosin,  when  dissolved  in  nitric 
add,  and  then  thrown  down  by  an  alkali,  to  acquire  a 
smell  resembling  that  of  copal. 

Whai  copal  is  dissolved  in  any  volatile  liquid,  and  spread  Fonnt  the 
thin  upon  wood,  metal,  paper,  &c.  so  that  the  volatile  men-  ^^"'' 

*  Sdirftdery  GehJen's  Joar.  ti.  598.  f  Jour  de  Phys.  Ivi.  106. 

{  Leiwif,  Neumana's  Chem.  p.  899.  From  Dr.  Roxburgh's  aocouDt 
it  appeirs  diat  the  Indian  tree  Valeria  indica  yields  a  resin  possessing 
properties  intennediate  between  those  of  copal  and  amber.  Nicholson's 
Jour.  szTii.  7S,  f  Ibid. 


J42  INGREDIENTS  Of  PLANTS. 

Book  IV.  strnum  may  evaporate,  the  copal  rtitanains  perfectly  truu* 
^"*v"^  parent,  and  forms  one  of  the  most  beautiful  and  periect 
varnishes  that  can  well  be  conceived.    The  varnish  thus 
formed  is  called  copal  vofmshj  from  the  chief  ingredient  in 
it.    This  varnish  was  first  discovered  in  France^  aild  wa9 
long  known  by  the  name  of  verms  marim.    The  method  of 
preparing  it  is  concealed;  butdiflferent  processes  for  dis« 
solving  copal  in  volatile  menstrua  have  been  from  thne  to 
time  made  public.    The  following  are  the  most  remarkable 
of  these: 
Solution  in     When  copal  is  kept  melted  till  a  sour  smellmg  arcmiatic 
fioKcd  oiL  odour  has  ceased  to  proceed  from  it,  and  then  mized  vrith 
an  equal  quantity  of  linseed  oil,  which  has  been  deprived 
of  all  colour  by  exposure  to  the  sun,  it  miites  with  the  oil, 
and  forms  a  varnish  which  must  be  dried  in  the  sun.* 
JapMincn*      I  have  been  informed  by  a  very  ingenious  japan  mann- 
^'*"^^'      facturer  in  Glasgow,  that  the  copal  varnish  used  by  the 
English  japanners  is  made  as  follows:  four  parts  by  weight 
of  copal  in  powder  are  put  into  a  glass  matrass  and  melted. 
The  liquid  is  kept  boiling  till  the  fiimes,  condensed  upon 
the  point  of  a  tube  thrust  into  the  matrass,  drop  to  the 
bottom  of  the  liquid  without  occasioning  any  hissing  noisc^ 
as  water  does.    This  is  a  proof  that  all  the  water  is  dissi- 
pated, and  that  the  copal  has  been  long  enough  melted. 
One  part  of  boiling  hot  linseed  oil  (previously  boiled  in  a 
retort  without  any  litharge)  is  now  poured  into  it,  and  well 
mixed.     The  matrass  is  then  taken  off  the  fire,  and  the 
liquid,  while  still  hot,  is  mixed  with  about  its  own  weight 
of  oil  of  turpentine.    The  varnish  thus  made  is  transpa-* 
rent,  but  it  has  a  tint  of  yellow,  which  the  japanners  en- 
deavour to  conceal  by  giving  the  white  ground  on  which 
they  apply  it  a  shade  of  blue.  It  is  with  this  varnish  that  the 
dial  plates  of  clocks  arc  covered  aiier  having  been  painted 
white. 
Solution  in      When  copal  is  treated  widi  oil  of  turpentine  in  close 
pentine '"    ^^^^'^  ^^^  vapour  being  prevented  from  escaping,  exerts  a 
greater  pressure,  and  the  heat  rises  above  the  boiling  point.. 
This  additional  heat  is  said  to  enable  the  oil  to  dissolve 
the  copal.     The  solution,  mixed  with  a  litde  poppy  oil, 
forms  a  varnish  which  is  distinguished  from  the  vemis  mar^ 
tin  merely  in  having  a  very  slight  tinge  of  brown,  f 
The  method  of  dissolving   copal  in  oil  of  turpentine^ 
*  Dr.  Black's  Lectures,  ii.  359.  i  Iliid. 
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paUisbed  by  Mr.  Sheldrake,  seems  to  depend  upon  the    Chap.  I. 
same  principle  with  the  last  solution.     On  two  ounces  of  JTV^ 
copaJj  broken  into  small  pieces,  is  poured  a  mixture  of  mean*  of 
four  ounces  of  ammonia  with  a  pint  of  oil  of  turpentine,  ^^^ootd** 
The  whole  is  kept  boiling  very  gently,  so  that  the  bubbles 
may  be  counted  as  they  rise.     If  the  heat  be  allowed  to 
diminish,  or  if  it  be  raised  too  high,  the  process  stqps, 
and  cannot  be  again  resumed.    The  matrass,  in  which  ihe 
mixture  is  boiled,  is  stopped  with  a  cork,  secured  in  its 
place  by  a  brass  wire^  and  perforated  by  a  pin.    When  the 
copal  is  nearly  dissolved,  tlie  process  is  stopped,  and  the 
whole  allowed  to  cool  before  uncorking  the  matrass.    This 
varnish  has  a  deep  colour;  but  when  spread  thin  and  al- 
lowed lo  dry,  it  becomes  colourless.    Its  defect  is  the  diffi- 
culty with  which  it    dries.      This  defect  Mr.  Sheldrake 
remedies  by  throwing  the  solution  into  its  own  weight  of 
nut  oil,  rendered  drying  by  white  lead,  and  agitating  till 
the  turpentine  is  separated. 

To  dissolve  copal  in  alcohol,  Mr.  Sheldrake  dissolves  And  cam- 
half  an  ounce  of  camphor  in  a  pint  of  that  liquid,  and  ^^^^' 
pours  the  solution  on  four  ounces  of  copal.  The  matrass 
18  placed  in  a  sand  bath,  and  the  process  is  conducted 
exactly  as  the  one  last  described.  The  solution  thus  formed 
contains  a  great  deal  of  copal,  and  forms  a  varnish  which 
is  perfectly  colourless;  but  considerable  heat  is  necessary  to 
drive  off  the  camphor. 

Mr.  Sheldrake  has  lately  fevoured  the  public  with  ano- 
ther and  easier  metliod  of  dissolving  copal.  This  method 
is  as  follows : 

**  Provide  a  strong  vessel  made  of  tin  or  other  metal;  it  Sheldrake's 
should  be  shaped  like  a  wine  bottle^  and  capable  of  holding  P"^*^^' 
two  quarts;  it  will  be  convenient  to  have  a  handle  strongly 
rivetted  to  the  neck ;  the  neck  should  be  long  and  have  a 
cork  fitted  to  the  mouth,  but  a  notch  or  small  hole  should 
be  made  in  the  cork,  that  when  the  spirit  is  expanded  by 
heat,  a  small  portion  may  force  its  way  through  the  hol^ 
and  thus  prevent  the  vessel  from  bursting. 

^  Dissolve  half  an  ounce  of  camphor  in  a  quart  of  spirit 
ol  turpentine,  and  put  it  into  the  vessel ;  take  a  piece  of 
copal  the  size  of  a  large  walnut,  reduce  it  to  a  coarse  pow- 
der or  very  small  pieces ;  put  them  into  the  tin  bottle^  fasten 
the  cork  down  with  a  wire,  and  set  it  as  quick  as  possible 
upon  a  fire  so  brisk  as  to  make  the  spirit  boil  almost  imme- 
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Book  IV.  diately ;  then  keep  it  boiling  very  gently  for  aboat  aif  hooTi 
^■"v*"^  when  so  much 'of  the  copal  will  be  dissolved  as  will  make  s 
very  good  varnish  ;  or,  if  the  operation  has  been  properly 
b^un,  but  enough  of  copal  has  not  been  dissolved,  it  may 
be  again  put  on  the  fire,  and  by  boiling  it  slowly  for  a 
longer  time,  it  may  be  at  last  brought  to  the  consistence 
deswed."* 

Van  Mons  relates  another  process  much  simpler  than 

any  of  the  above,    which  he  says   was  taught  him  by 

Demiiie-     Mr.  Demmenie,  a  Dutch  artist    It  consists  in  exposing 

^^  ^^    copal  to  the  action  of  the  steam  of  alcohol.  A  long  necked 

matrass  is  filled  one-fourth  fiill  of  strong  akohdl,  and  a: 

piece  of  copal  is  suspended  above  the  surfiioe  of  the  liquid 

at  some  little  distance;  the  top  of  the  matrass  is  covered 

with  a  condensator;  the  alcohol  is  kept  boiling:  the  copal 

softens,  and  drops  down  into  the  alcohol  like  oiL    When 

these  drops  no  longer  dissolve,  the  process  must  be  stopped*- 

The  solution  thus  obtained  is  perfectly  colourless.    Copal 

may  be  dissolved  in  oil  of  turpentine  by  the  same  proce8B.f 

Lenor-  'Tb®  following  method  of  making  copal  vambh  has  been 

mtiid't      recommended  by  Professor  Lenormand.     Drop  upon  the 

^'"*^^'      pieces  of  copal  pure  essential  oil  of  rosemary.     Those  pieces 

that  are  softened  by  the  oil  are  fit  for  the  purpose,  the 

others  not.     Reduce  them  to  a  fine  powder,  put  this  pow<*^ 

der  into  a  glass  vessel  not  thicker  than  a  finger  breadth^ 

pour  oil  of  rosemary  over  it,  and  stir  it  about  with  a  glas& 

rod.     In  a  short  time  the  whole  is  converted  into  a  very 

thick  liquid.     Pour  alcohol  on  this  liquid  by  little  at  a  time^ 

incorporating  it,  by  gently  agitating  tlie  vessel,  till  it  is  of 

the  requisite  thinness  for  use.  f 

12.  Htghgate  resin. — This  substance  was  dug  up  at  High-' 
gate,  near  London,  during  the  late  attempt  to  run  a  tunnel 
through  the  hill.  It  was  in  small  amorphous  masses  of  dit 
fercnt  sizes.  Colour  a  muddy-yellowish  light-brown.  Sem»» 
transparent.  Lustre  resinous,  and  surface  smooth,  as  if  it 
had  been  long  agitated  in  water.  It  was  less  easily  broken 
than  common  rosin,  but  much  more  easily  than  copal. 
Sofiier  than  copal.  Has  a  resinous  and  aromatic  smell,  espe- 
cially when  heated.  When  heated  it  melts  and  may  be  ren- 
der^ as  liquid,  as  water  without  altering  its  colour.  When 
in  lumps  it  is  insoluble  in  water,  alcohol,  potash  ley,  acetic 

•  Nicholson's  Jour.  ix.  157.  Jour,  dc  Chira .  iii.  218. 

i  Nicholscm's  Jour.  xsiv.  67. 
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acid.  But  ether  renders  it  opaque  and  whiter  and  quite  Chap.  i. 
tender;  it  loses  its  cohesion  and  crumbles  into  powder  upon 
the  least  pressure  between  the  fingers.  The  ether  at  tlie 
same  time  dissolves  a  portion  which  it  deposits  when  mixed 
with  water.  Nitric  acid  partly  dissolves  and  partly  converts 
it  into  a  red  coloured  substance.  Water  throws  down  the 
dissolved  portion  in  the  state  of  bitter-tasted  white  flocks. 
Sulphuric  acid  readily  chars  it  when  assisted  by  heat.  When 
in  a  state  of  a  fine  powder  alcohol  dissolves  a  small  portion 
of  it.     It  is  insoluble  in  potash  ley.* 

IS.  Lac.— *Thi8  is  a  substance  deposited  on  difierent 
spedes  of  trees  in  the  East  Indies,  by  an  insect  called 
chremes  lacca^  constituting  a  kind  of  comb  or  nidus.  It  Hiitory. 
has  been  imported  into  Europe,  and  extensively  used  fi'om 
time  immemorial ;  but  it  is  only  of  late  years  that  correct 
information  concerning  it  has  been  obtained.  For  what 
relates  to  the  natural  history  of  the  insect,  and  the  mode 
of  forming  the  lac,  we  are  indebted  to  Mr.  Ker,t  Mr. 
Saunders,^  and  Dr.  Roxburgh.^  Though  very  often  em- 
ployed in  the  arts,  it  was  neglected  by  chemists.  GeoiFroy 
junior,  indeed,  published  a  dissertation  on  it,  but  it  con* 
tains  few  chemical  experiments.  He  merely  subjected  it 
to  distillation,  and  obtained  products  which  he  thought 
similar  to  those  given  by  wax  in  the  same  circumstances.  || 
This  led  him  to  consider  it  as  a  species  of  wax,  an  opinion 
followed  by  Neumann ;  **  but  Junker,tt  &nd  most  of  the 
subsequent  chemical  writers,  place  it  among  the  resins. 
Mr.  Hatchett  has  lately  examined  it  with  his  usual  address, 
and  ascertained  its  composition  and  properties.^];  To  him 
we  are  indebted  for  almost  every  thing  which  we  know  re- 
specting its  chemical  nature. 

There  are  various  kinds  of  lac  distinguished  in  com-  Vtrittics. 
merce.  Stick  lac  is  the  substance  in  its  natural  state,  en- 
crusting small  twigs.  When  broken  off  and  boiled  in 
water  it  loses  its  red  colour,  and  is  called  seed  lac.  Whoi 
melted  and  reduced  to  the  state  of  a  thin  crust,  it  is  called 
ditll  lac.     Stick  lac  is  of  a  deep  red  colour,  and  yields  to 

•  Annalb  of  Philosophy,  iii.  9.  t  Phil.  Traiis.  1781,  p.  376. 
5  PhiL  Trans.  1789,  p.  107.                 §  Ibid.  1791,  p-  228. 
II  Bfam.  Par.  1714,  p.  121;  and  Maitioe's  translation  of  the  Mr* 

moires  of  the  French  Academy,  y.  4. 

•  •  Chemistry,  p.  334.  f  f  Conspectus  Chemift,  ii.  70. 
I  (  Analytical  Experiments  ou  Lac,  Phil,  l^an^  1804. 

roL.  IV.  L 
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Book  IV.  wmter  a  subotanoe  which  is  used  as  a  red  dye.    The  other 

^"v*^  two  varieties  arc  brown. 

P^operUes.  Water  dissolves  the  greatest  part  of  the  colomng  matter 
of  lac,  which  varies  from  15  to  |^  per  cent  Alcohol  dis- 
solves the  greatest  part  of  the  resin,  which  constitales  the 
chief  ingredient  in  the  composition  of  lac  Ether  acta 
more  fe^Iy.  Sulphuric  add  dissolves  and  gradually  dian 
lac;  nitric  add  dissolves,  and  then  produces  the  same 
changes  on  it  as  on  other  resinous  bodies.  Muriatic  and 
acetic  acids  likewise  act  as  solvents.  A  solution  of  borax 
in  water  readily  dissolves  lac.  The  best  proportions  are 
fiO  .grains  of  borax,  100  grains  of  lac,  and  ibor  ounces  of 
water.  This  solution,  mixed  with  lamp  black,  constitutes 
Indian  ink ;  and  may  indeed  be  employed  fer  msny  of  the 
purposes  of  varnish.  The  fixed  alkalies  readily  ^ssolve 
lac^  but  not  the  volatile.  When  placed  on  a  hot  iron  it 
melts,  and  emits  a  thick  smoke  with  an  odour  rather 
pleasant,  leaving  a  spongy  coiil.  When  distilled,  it  yields 
water  slightly  acidulous,  and  a  thick  butyraceouaoiL  The 
gases  emitted  are  a  mixture  of  carbonic  add  and  carbu- 
reted hydrogen.  Stick  lac  yields  also  some  carbonate  of 
ammonia ;  but  the  other  two  varieties  none.  The  following 
table  exhibits  the  constituents  of  the  different  varieties  of 
lac,  according  to  the  analysis  of  Mr.  Hatchett : 

«ntj.  Resin 68 

Colouring  matter  • .  10 

Wax 6 

Glut«i 5*5 

Foreign  bodies. . .,  6*5 

Loss  •  •  • 4*0 


•  • . 


• .  • 


. .  • 


88-5  ....  90-9 

2-5  ....     0'5 

4'5  ....     4*0 

2-0  ....     2'8 


• . . . 


2'5    ....     I'8 


100  JOO  100 

Hie  resin  is  less  brittle  than  those  bodies  usually  are. 
The  colouring  matter  possesses  the  properties  of  extractive; 
the  wax  is  analogous  to  myrtle  wax,  and  the  gluten  dosely 
resembles  the  gluten  of  wheat* 

The  uses  to  which  lac  is  applied  in  India  are  Yery  nu- 
merous. In  Europe  it  forms  the  basis  of  sealing-wax ; 
which  is  made  by  melting  lac  with  different  proportions  of 
turpentine  and  some  colouring  matter,  as  ivory-Mack,  for 

•  tfstchett^  Phil  Tnuu.  1804. 
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black  sealing-wax;  Vjermilion  for  red,  &c.  It  constitutes  Chap.i. 
also  the  basis  of  many  varnishes  and  lackers.  This  last  ^"""V"*^ 
name  indeed  is  derived  from  the  word  lacJ^ 

I4,  Amber. — This  substance  is  undoubtedly  of  vegetable  Amber. 
origin ;  ai^d  though  it  differs  from  resins  in  some  of  its 
properties,  jet  it  agrees  with  them  in  so  many  others,  that 
it  may,  without  imitropriety,  be  referred  to  them.  For 
the  chemical  investigation  of  the  properties  of  this  sub* 
stance,  we  are  chiefly  indebted  to  the  labours  of  Hofimftnn,f 
Bourdelin,:^  Stockar  de  Neuforn,§  Meyer,  ||  and  more 
lately  it  has  occupied  the  attention  of  Mr.  Hatchctt.  The 
best  account  of  amber  varnish  which  I  have  seen  is  by  Nils 
Nystrom  in  the  Stockholm  Transactions  for  1797.** 

Amber  is  a  brittle,  light,  hard  substance,  usually  nearly  Propcitics, 
transparent;  sometimes  nearly  colourless,  but  commonly 
yellow  or  even  deep  brown.  It  has  considerable  lustre. 
Its  specific  gravity  is  1'065.  It  is  tasteless,  and  without 
smell,  except  when  pounded  or  heated^  when  it  emits  a 
fragrant  odour.  When  heated  it  softens;  but,  as  far  as  is 
known,  cannot  be  melted  without  losing  some  of  its 
weight,  and  altering  its  appearance.  In  a  strong  heat  it 
bums,  leaving  a  small  quantity  of  ashes,  the  nature  of 
which  has  not  yet  been  ascertained.  Water  has  no  action 
on  it ;  but  alcohol,  by  long  digestion,  dissolves  about  one- 
eight  of  the  amber,  and  forms  a  coloured  solution,  which 
when  concentrated  becomes  milky  when  mixed  with  water. 
The  precipitate  possesses  the  properties  of  a  resin.  The 
residuum  of  the  amber  is  not  acted  on  by  alcohol.  Though 
amber  be  roasted  before  the  action  of  the  alcohol,  the 
tincture  is  still  formed.  Hence  we  learn  that  the  resinous 
part  of  amber  is  not  expelled  by  a  melting  heat. ft  When  Action  of 
amber  is  treated  with  a  boiling  fixed  alkali,  it  is  almost  »^^*«« 

*  A  detailed  accoont  of  tlie  method  of  making  several  of  tbese  is 
Jyimi  by  Dr.  Lewis  in  his  Philosophical  Commerce  of  the  Arts,  p.  223. 

t  Obs.  Phys.  Chem.  p.  60  and  198. 

X  Sur  le  Sucdn.  Mem.  Par.  1742,  p.  192. 

S  Specimen.  Chem.  Med.  Inaugur.  de  Succino  in  Genere  et  speciatim 
de  Sucdno  Fossili  Wisbolzensi,  1760.  This  tract  contains  a  very  0(^ 
pioos  eet  of  experiments ;  which,  however,  do  not  always  agree  with 
those  of  other  diemists.  Wasserbeig's  Treatise  on  Amber  is  chiefly  an 
abridgmakt  of  Stockard*s. 

I  Chemische  versuche  mit  Bernstein,  1787. 

•  •  I  have  seen  the  paper  only  through  the  medium  of  Crell's  Jooma]. 
It  b  insarted  in  Crell's  Annals,  1799,  ii.  171  and  253.  f  t  Heyer. 
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Book  IV.  completely  dissolved,  according  to  Hoffinan^  and  the  com- 
^^^'yr'^  pound  possesses  the  qualities  of  soap ;  for  it  i»  soluble  in 
water  and  alcohol,  and  not  thrown  down  by  water.  Mr* 
Hatchett  found  that  the  alkalies  act  only  partially  on 
amber,  extracting  a  yellow  tincture.  Probably  this  in- 
genious chemist  did  not  continue  the  process  long  au>ugh; 
for  I  have  accidentally  ascertained,  that  a  weak  solution  of 
potash  is  capable  of  dissolving  amber  completely  without 
the  assistance  of  heat,  provided  it  be  allowed  to  act  for  a 
sufficient  time.  I  had  formed  a  weak  solution  of  potash 
(1  believe  subcarbonate)  as  nearly  as  possible  of  the  iq[)ecific 
gravity  of  amber,  and  I  had  put  into  it  some  amber 
powder,  to  show  the  supposed  currents  of  Count  Rumfbrd 
during  the  heat  of  the  liquid.  On  examining  the  infiision 
about  a  month  after,  I  found  the  amber  all  lying  at  the 
bottom  of  the  phial.  I  added  more  alkali  to  restore  the 
equilibrium.  Some  time  after  the  amber  was  again  at  the 
bottom,  and  it  was  necessary  to  add  more  alkali.  By  this 
time  the  solution  had  acquired  a  yellow  colour.  I  therefore 
explained  the  sinking  of  the  amber,  by  supposing  that  the 
potash  had  dissolved  a  portion  of  it,  and  that  this  had 
altered  the  specific  gravity  of  the  solution.  Not  knowing 
at  the  time  that  any  experiments  had  been  made  on  the 
subject,  I  put  aside  the  phial  to  ascertain  the  result  Three 
years  after  only  two  or  three  particles  of  the  amber  at  most 
could  be  detected,  the  rest  having  dissolved  completely. 
Of  acids.  The  weaker  acids  have  no  action  on  amber.  Sulphuric 
acid  converts  it  into  a  black  resinous  mass.  Nitric  acid 
acts  upon  it ;  when  assisted  by  heat,  nitrous  gas  is  emitted^ 
The  amber  is  first  converted  into  a  light  resinous  substance, 
and  at  last  dissolves  completely.  Hcyer,  who  first  made 
this  experiment,  could  obtain  neither  oxalic  nor  acetic  acid 
by  the  action  of  nitric  acid  on  amber.  That  nitric  acid  is 
really  capable  of  dissolving  amber  has  been  lately  verified 
by  the  experiments  of  Hatchett,  who  found  it  soluble  with 
the  same  phenomena  as  resins  in  general. 
Amber  var-  Neither  fixed  nor  volatile  oils  have  any  action  on  amber 
nish.  unless  it  has  been  previously  roasted  or  exposed  to  a  melt* 

ing  heat  When  thus  treated,  it  combines  with  oils,  and 
the  solution  forms  amber  varnish^  The  process  recom- 
mended by  Nystrom  is  this :  amber  is  to  be  spread  on  s 
flat-bottomed  iron  pan,  and  placed  on  an  equal  coal  fire  till 
it  melt;  it  is  then  to  be  withdrawn^  covered  with  a  plate  of 
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<copper  and  iron,  and  allowed  to  cooL  If  the  process  be  Chip.  I. 
properly  conducted^^the  amber  nill  have  lost  half  of  its  ^^v^^ 
we^lht.  If  the  fire  be  too  strong,  the  amber  will  be  scorched 
and  rendered  useless*  If  it  be  too  low,  the  amber  will  not 
melt,  but  be  reduced  to  a  brown  crust,  which  answers  well 
enough  for  a  varnish,  provided  it  be  exposed  to  heat  till  it 
is  reduced  to  one-half  of  the  original  weight.  One  part  of 
this  roasted  amber  is  to  be  mixed  with  three  parts  of  linseed 
oil  (rendered  drying  by  litharge  and  white  vitriol),  and  tbc 
mixture  exposed  to  a  gende  heat  till  tlie  amber  is  dissolved : 
it  is  then  to  be  withdrawn  from  the  fire,  and  when  nearly 
cold  four  parts  of  oil  of  turpentine  are  to  be  added.  The 
whole  is  then  allowed  to  settle,  and  the  clear  portion  is 
passed  through  a  linen  cloth. 

When  amber  is  distilled,  there  comes  over  carbureted 
hydrogen  and  carbonic  acid  gas,  an  acidulous  water,  then 
an  oii,  at  first  thin  and  transparent,  but  becoming  gradually 
darker  and  thicker*  Towards  the  end  of  the  process  the 
succinic  acid  sublimes.  From  the  observations  df  Vogel, 
it  appears  that  a  portion  of  the  yellow  matter  which  is  ob- 
tained by  this  distillation  possesses  the  properties  of  wax 
very  nearly.* 

15.  Resin  from  bitumen.  Mr.  Hatchett  ascertained,  that  Resin  from 
when  asphalt,  mineral  caoutchouc,  and  other  similar  bodies,  ^"""^°- 
are  digested  a  sufficient  time  in  nitric  acid,  they  furnish  a 
considerable  portion  of  a  brown  substance,  which  possesses 
many  of  the  properties  of  resins.  Kilkenny  coal,  and  every 
other  variety  of  coal  which  contains  no  bitumen,  is  con- 
verted by  nitric  acid  into  artificial  tannin,  but  yields  no 
resin ;  while  common  coal  furnishes  both.  Thus  it  appears 
that  bitumen,  when  treated  with  nitric  acid,  has  the  pro- 
perty of  yielding  a  species  of  resin. 

Tliis  substance  has  a  pale  brown-colour  like  that  of  Properties. 
Spanish  snuff;  its  internal  fracture  is  dark-brown,  audit 
has  a  resinous  lustre.  When  heated  it  does  not  readily 
melt;  but  when  inflamed  emits  a  resinous  odour,  mixed  with 
that  of  fat  oils,  and  leaves  a  coal  much  more  bulky  than 
the  original  substance.  Alcohol  dissolves  it.  Water  throws 
down  a  part  from  the  solution ;  but  a  portion  remains  un- 
llisaolyedy  which  acts  on  reagents  like  extractive.  The  taste 
is  bitter.  Hence  this  substance  appears  to  be  intermediate 
J^etveen  extractive  and  resm.     When  digested  witli  nitric 

•  Gehlen'b  Jour,  v.  712. 
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Book  IV.  acid  it  is  readily  conyerted  into  arUficial  tannin ;  and  when 
digested  with  sulphuric  acid  it  is  converted  into  charcoal.^ 
I  have  now  enumerated  the  most  remarkable  of  the  re- 
sinous bodies  with  whidi  we  are  acquainted.  There  are 
indeed  many  of  the  substances  employed  in  medicfaie^  which 
undoubtedly  contain  resins ;  for  example,  akes^  jalaps  smtke^ 
rootj  arnica^  &c. ;  bat  as  these  have  not  ]ret  been  chemicaUy 
1,  it  would  be  in  vain  to  dwell  upon  them. 


SECT.  xxvn. 

OF  GUAIACUM. 


Orisin.  This  fiubstance  is  obtained  from  the  gumacum  ^fficmalef 

a  tree  which  is  a  native  of  the  West  Indies,  and  yields  a 
very  hard  heavy  wood.  The  resin  exudes  spontaneouslyj 
and  is  also  driven  out  artificially  by  heating  one  end  of  the 
ivood  in  billets  previously  bored  longitudinally;  tlie  melted 
resin  runs  out  at  the  extremity  farthest  from  the  fire.  This 
substance  has  been  used  in  medicine  for  a  considerable  tim^ 
having  been  originally  recommended  in  venereal  diseases. 
Nothing  is  known  concerning  its  original  introduction  into 
Europe. 

It  was  considered  by  chemists  as  a  resin,  till  Mr.  Hatchett 
observed,  that  when  treated  with  nitric  acid  it  yidded  pro* 
ducts  very  different  from  those  of  resinous  bodies.f  This 
induced  Mr.  William  Brande  to  examine  its  chemical  pro- 
perties in  detail.  I  To  his  valuable  paper  we  are  indebted 
for  almost  all  the  accurate  information  which  we  possess  r^ 
specting  its  chemical  nature. 
Properties.  1  •  Guaiacum  is  a  solid  substance,  resembling  a  resin  in 
ap|)earance.  Its  colour  difiers  considerably,  being  partly 
brownish,  partly  reddish,  and  partly  greenish  ;•  find  it  always 
becomes  green  when  left  exposed  to  the  light  in  the  open 
air.  $    It  has  a  certain  d^ree  of  transparency,  and  breaks 

*  Hatchett*8  Tliird  Series  of  Experiments  on  Artificial  TamuD,  Phil. 
Trans.  1806. 

t  Second  Series  of  Experiments  on  Artificial  Tannin,  Phil.  Trans.  1805. 

\  Chemical  Experiments  on  Guaiacum,  PhiL  Tmns.  1^06,  and  P!u|« 
Mag.  xxT.  105. 

%  WoUa6ton>  NidH^lson's  Jour.  viii.  S94. 
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with  a  fiCraou  fracture.    When  pounded  it  emits  a  pleasant   Chap.  i. 
balsamic  smeU,  bat  has  scarcdy  any  taste^  althouf^  when  ^^"^nt*^ 
avallowed  it  excites  a  burning  sensation  in  the  throat. 
When  heated  it  melts,  and  diffuses  at  the  same  time  a  pretty 
strong  fragrant  odour.    Its  ^)ecific  gravity  is  1*2289.* 

2.  When  guaiacum  is  digested  in  water  a  portion  of  it  is  Action  of 
dissolved,  the  water  acquiring  a  greenish-brown  colour  and  ^^'^'^ 
a  sweetish  taste.  The  liquid,  when  evaporated,  leaves  a 
brown  sabstance^  which  possesses  the.  properties  of  extrac- 
tive ;  being  soluble  in  hot  water  and  alcohol,  but  scarcely 
in  sulphuric  ether,  and  forming  precipitates  with  muriates 
of  alumina,  tin,  and  silver.  This  extractive  amounts  to 
about  nine  parts  in  the  hundred  of  guaiacum.f 

8.  Alcohol  dissolves  guaiacum  wiUi  fiunlity,  and  forms  a  Alcohd. 
deep-brown  coloured  solution.  Water  renders  this  solution 
milky  by  separating  the  resin.  Muriatic  add  throws  down 
the  guaiacum  of  an  ash-grey,  and  sulphuric  acid  of  a  pale- 
green  colour.  Acetic  acid  and  the  alkalies  occasion  no 
precipitate.  Liquid  chlorine  throws  it  down  of  a  fine 
pale-blue,  which  does  not  change  when  dried.  Diluted 
nitric  acid  occasions  no  change  at  first;  but  after  some 
hours  the  liquid  becomes  green,  then  blue,  and  at  last 
brown,  and  at  that  period  a  brown  coloured  precipitate  falls 
down.  If  water  be  mixed  with  the  liquid  when  it  has  as- 
sumed a  green  or  a  blue-colour,  green  and  blue  precipitates 
may  be  respectively  obt^dned.]: 

4.  Sulphuric  ether  does  not  act  so  powerfully  on  guaiacum  Ether* 
as  alcohol.    The  solution  obtained  by  means  of  it  exhibits 

the  same  properties  when  treated  with  reagents  as  that  in 
alcohol.  $ 

5.  The  alkaline  solutions,  both  pure  and  in  the  state  of  Alkalies. 
carbonates,  dissolve  guaiacum  with  fiicility.    Two  ounces  of  a 
saturated  solution  of  potash  dissolved  about  65  grains  of 
guaiacum ;  the  same  quantity  of  ammonia  only  25  grains; 

or  guaiacum  dissolves  in  about  15  parts  of  potash  and 
88  parts  of  ammonia.  Nitric  acid  threw  down  from  these 
solutions  a  brown  precipitate^  similar  to  what  is  obtained 
when  the  alcoholic  solution  is  mixed  with  the  same  acid. 
Muriatic  acid  and  diluted  sulphuric  acid  throw  down  a  flesh- 

• 

•  BnnHe,  Phil.  Mag.  zxv.  105.  t  Ibid. 

X  Ilnd.  p.  106.  $  Ibid.  p.  106. 
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BooklVi  ooknned  curdy  precipitate,   which  in  its  properties  ap« 

▼        proaches  the  nature  of  extractive.* 
Actkm  of    .  6,  Most  of  the  acids  act  upon  guaiacum  with  eoDsideiv 
able  energy. 

Sulphuric  acid  dissolves  it,  and  forms  a  deep-*red  licpud, 
which  deposits  while  fresh  a  lilac-coloured  predpitate 
when  mixed  with  water.  When  heat  is  affiled  the  guaiar 
cum  is  charred. 

Nitric  acid  dissolves  guaiacum  compleCetf  without  the 
assistance  of  heat,  and  with  a  strong  effervescence.  When 
the  solution  is  evaporated,  it  yields  a  very  laige  quantity  of 
oxalic  acid.i  No  artificial  tannin  appears  to  be  fisnned,  but 
ratlier  a  substance  possessing  the  properties  of  cxtnwtive. 
Diluted  ivtric  acid  converts  guaiacum  into  a  brown  sub- 
stance, similar  to  the  precipitate  obtained  by  nitric  acid 
irom  the  alcoholic  solution  of  guaiacum.  This  brown  nutter 
possesses  the  properties  of  a  resin,  j: 

Muriatic  acid  acts  but  slightly,  as  the  guaiacom  soon 
mdts  into  a  blackish  mass,  which  is  not  acted  up(m.f 
pittilia-         7.  When  guaiacum  b  distilled,  100  parts  of  it  yielded  to 
Mr.  Brande  the  following  products : 

Acidulous  water 5'5 

Thick  brown  oil 24*5 

Thin  empyreuinatic  oil 30*0 

Charcoal 30*5 

Gases,  consisting  of  carbonic  acid  and 

carbureted  hydrogen 9*0 

Loss 0*5 


100-0 

The  coal  when  incinerated  left  three  grains  of  lime^  but  no 
alkaline  substance.  || 

8.  Such  are  the  properties  of  guaiacum,  as  far  as  they 
Jiave  been  hitherto  ascertained.  From  the  preceding  de» 
tail,  it  is  obvious  that  guaiacum  in  many  respects  coincides 
with  the  resins ;  but  it  differs  from  them  in  three  particulars 
so  remarkable,  that  we  cannot  avoid  considering  it  as  a  dis- 
tinct substance. 

*  Brande,  Phil.  Mag.  xxv.  109. 

t  Hatchett,  Second  Series  of  Eiperiments  on  Artificial  Tannin,  Phil. 
Trans.  1806. 

{  Brande,  PhiL  Mug.  xxv.  107.  §  Ibid,  ||  Ibid. 
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The  first  of  these  is  the  great  quantity  of  charcoal    Chap^L 
which  it  leaves  when  distilled  in  dose  vessels.     This  Mr.  J^'^**''^ 
Brande  found  to  amount  to  above  SO  per  cent. ;  while  the  propeitiet. 
resins,  in'  like  circumstances,  hardly  ever  leave  more  than 
15  per  cent  of  charcoal,  and  often  not  nearly  so  much.    It 
is  possibly  however,  and  indeed  not  improbable,  that  this 
difierenoe  is  to  be  ascribed  to  the  different  degrees  of  heat 
employed. 

The  second  peculiarity  is  the  action  of  nitric  acid  on 
guaiacum.  This  acid  does  not  dissolve  the  resins  without 
the  assistance  of  heat,  but  converts  them  into  a  brown  brittle 
mass;  whereas  it  dissolves  guaiacum  completely.  The 
acdon  of  this  acid  on  the  resins  terminates  in  the  forma- 
tion of  artificial  tannin,  whereas  its  action  on  guaiacum 
terminates  in  the  formation  of  oxalic  acid.  This  striking 
difference  is  alone  sufficient  to  warrant  a  sqiaration  of 
guaiacum  from  the  resins. 

The  third  peculiarity  is  the  remarkable  suite  of  changes 
of  colour  which  guaiacum  undergoes  when  its  solutions  are 
treated  with  nitric  acid  and  chlorine.  Dr.  Wollaston 
first  observed  that  guaiacum  becomes  green  when  exposed 
to  light,  provided  air  have  access  to  it ;  and  that  the  colour 
is  again  removed  by  the  application  of  heat.*  Hence  it  is 
probable  that  oxygen  occasions  the  change.  This  opinion 
is  much  strengthened  by  the  experiments  of  Mr.  Brande. 
When  guaiacum  was  put  in  contact  with  oxygen  gas,  it 
became  green  sooner  than  in  the  open  air.  When  put  Forms 
into  chlorine  gas  it  becaEcie  first  green,  then  blue,  and  lastly  °**^*- 
brown;  and  ammonia,  when  left  in  contact  with  it,  restored 
again  its  green  colour.  In  like  manner,  by  treating  the 
alcoholic  solution  of  guaiacum  with  nitric  acid,  green,  blue^ 
and  brown  precipitates  are  obtained,  according  to  the  length 
of  time  that  the  acid  is  allowed  to  act  upon  it.  These  facts 
give  considerable  plausibility  to  the  opinion  of  Mr.  Brande^ 
that  the  changes  of  colour  are  owing  to  the  combinations  of 
oygen  with  the  guaiacum ;  that  the  green  contains  the  least, 
and  the  brown  the  most  oxygen,  while  the  blue  is  inter- 
mediate.f  Thus  guaiacum,  in  its  changes  of  colour,  bean 
some  resemblance  to  indigo.  Mr.  Brande  has  remarked  a 
coincidence  also  between  guaiacum  and  the  green  resin  of 
fhe  leaves  of  plants. 

P  NicholiOBVi  Jour.  m.  S95.  f  Brande,  Phil.  Mag.  xxt.  10?* 
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SECT,  xxvni. 


OF  BALSAMS. 


The  term  balsam  or  balm  was  originally  confined  to  a 
thick  fragrant  juice  obtained  from  the  amyris  (xileadefmSf 
and  afterwards  applied  by  chemists  to  all  substances  which 
possessed  the  same  degree  of  consistence  and  a  strong  smell, 
whether  natural  or  artificial.  Bucquet  restricted  the  term 
to  those  resinous-like  substances  which  yield  benzoic  acid 
when  heated.  This  new  meaning  of  the  word,  which  has 
been  adopted  by  chemists  in  general,  has  introduced  into 
the  class  of  balsams  several  substances  which  were  formerly 
considered  as  resins.  The  word  balsam  originally  impUed 
a  substance  possessing  a  certain  degree  of  fluidity ;  but  now 
there  are  two  classes  of  balsams;  the  one  fluid,  and  tbe 
other  solid  and  brittle. 

Pefinition.  A  balsam,  then,  is  a  substance  which  possesses  the  gep!^- 
ral  properties  of  a  resin ;  but  which,  when  heated  or  dx» 
gested  in  acids,  yields  a  portion  of  benzoic  acid.  Chemists, 
in  general,  have  considered  them  as  combinations  of  a  resin 
with  benzoic  acid ;  but  Mr.  Hatchett  has  made  it  probable, 
that  the  acid  is  formed  at  the  time  of  its  separation.* 

Ffopcrtics.  They  are  soluble  in  water;  but  when  boiled  in  tliat 
liquid  often  give  out  a  portion  of  benzoic  acid.  Alcohol 
and  ether  dissolve  them  readily.  The  strong  acids  like* 
wise  dissolve  them ;  and  during  the  solution  a  portion  of 
benzoic  acid  is  separated.  Nitric  acid,  in  some  cases,  evolves 
likewise  traces  of  prussic  acid.     The  alkalies  act  upon  them 

Dtviiioiu  nearly  as  on  the  resins.  They  may  be  divided  into  two 
classes ;  namely,  liquid  and  solid  balsams. 

I.   LIQUID  BALSAMS. 

The  liquid  balsams  at  present  known  are  five  in  number; 

namely, 

1.  Opobalsamum.  4.  Peru. 

2.  Copaiva.  5.  Styrax. 

3.  Tolu. 

Opobilsa-        1.  Opobalsamum  or  balm  of  Gilead. — This  balsam  is  ob«> 
mum.        tained  from  the  amyris  Gileadensisj  a  tree  which  grows  in 
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.•  Second  Series  of  Exptriineots  on  ArttfidalTtnnin,  Phil.  Trans,  1806. 
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AralHS,  especially  neBr  Mecca.  It  is  so  much  valued  by  Chip.  I. 
the  Turk»  that  it  is  seldom  or  never  imported  into  Europe. 
We  are  of  course  ignorant  of  its  composition.  It  is  said  to 
be  at  first  turbid  and  white,  and  of  a  strong  aromatic  smell, 
and  bitter,  acrid,  astringent  taste;  but  by  keeping,  it  be- 
comes limpid  and  thin,  and  its  colour  changes  first  to 
jgrcen,  then  to  yellow,  and  at  last  it  assumes  the  colour  of 
honey,  and  the  consistence  of  tuipentine.* 

2.  Copaiva. — Tin's  balsam  is  obtained  from  the  copaifera  Coptifa. 
ifffidnalis;  a  tree  which  grows  in  South  America,  and  some 
of  the  West  Indian  islands.  It  exudes  fi*om  incisions  made 
in  the  trunk  of  the  tree.  The  juice  thus  obtained  is  trans- 
parent, of  a  yellowish  colour,  an  agreeable  smell,  a  pungent 
taste,  at  fir^  of  the  consistence  of  oil,  but  it  gradually 
J^ecomes  as  thick  as  honey.  Its  specific  gravity  is  0*950.t 
When  mixed  with  water  and  distilled,  there  comes  over 
wit]]  the  water  a  very  large  portion  of  volatile  oil.  Lewis  Yields  oil 
obtained  half  the  original  weight  of  this  oil.t  Schonberg, 
from  eight  ounces  of  copaiva,  obtained  S^  of  oil  by  tliis 
process.^  It  was  colourless,  very  limpid,  of  the  specific 
gravity  0*900 ;  had  the  taste  and  smell  of  copaiva,  but 
rather  stronger.  It  dissolved  in  eight  parts  of  alcohol; 
but  the  copaiva  itself  is  a  good  deal  more  soluble.  ||  The 
oil  ceases  to  come  over  before  all  the  water  has  passed  into 
the  receiver.  The  residuum,  of  course,  consists  of  two  sub- 
stances; namely,  the  watery  portion,  and  a  greyish-yellow  And  resin. 
substance,  lying  at  the  bottom  of  the  vessel,  which,  on 
exposure  to  the  air,  dries,  and  becomes  brittle  and  trans- 
parent. When  heated  it  melts,  and  possesses  the  charac- 
ters of  a  resin.  When  distilled  it  yielded  a  yellowish  thick 
oil,  some  acidulous  water,  and  a  gas;  one-sixth  of  which 
was  carbonic  acid,  and  the  remainder  seemed  to  possess  the 
characters  of  olefiant  gas.**  From  these  fiicts,  which  have 
been  long  known,  it  was  concluded,  that  copftiva  is  a  com- 
pound of  a  resin  and  a  volatile  oil,  which  })asse8  over  at  a 
heat  inferior  to  that  of  boiling  water ;  but  the  experiments  But  is  de- 
of  Schonbei^  have  rendered  it  much  more  probable,  that  composed. 
the  balsam  is  decomposed  when  distilled  along  m  ith  water, 
and  that  both  the  oil  and  resin  are  new  products. 

*  This  is  the  aocooiit  of  Professor  Alpinus,  as  quoted  hy  Lewis^  Neu- 
IIUUlii'tChMD.  p,  S84.  t  Schonbeii;,  (>eblen's  Jour.  ti.  404. 

}  Neomann's  Chem.  p.  985.  I  Gehleirs  Joar.  ti.  494. 

||  SciKmbeig't  Gehlen*s  Jour.  vi.  494.         **  Scbonbergi  ibid.  497. 
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Book  IV.  When  distilled  on  a  water  bath,  nothing  comes  over  hot 
^**"v— ^  a  few  drops  of  water,  and  one  or  two  drops  of  oiL*  If  the 
DUdUattoo.  yeasd  be  kept  at  a  temperature  between  234^  and  257°, 
scarcely  any  thing  more  is  obtained  than  when  the  &tilla- 
tion  is  conducted  over  a  water  bath.  At  the  temperature  of 
504°  the  balsam  begins  to  boil  gently,  a  gas  is  extricated, 
and  drops  begin  to  pass  more  rapidly  into  the  receiver.  At 
550°  it  boils  briskly,  and  the  distillation  goes  on  rapidly. 
Here  passes  into  the  receiver  a  limpid  yellowish  oil,  occa- 
sionally mixed  with  a  drop  or  two  of  water.  As  the  dis- 
tillation proceeds  the  oil  becomes  more  and  more  yellow. 
At  this  period  the  balsam  is  as  liquid  as  water,  and  boils 
without  any  frothing  or  swelling.  After  this  pexiod  the  oil 
becomes  j'ellow,  and  then  brownish-red ;  but  still  continues 
pretty  thin.  The  first  oil  obtained  by  Schonberg  from  four 
ounces  of  copaiva,  by  this  process,  was  3-,!^  ounces.  The 
water  had  a  sour  taste,  and  reddened  litmus  paper.  The 
gas  amounted  to  81  ounce  measures ;  -^th  of  it  was  carbonic 
acid,  the  rest  resembled  defiant  gas.  t 
Action  of  Nitric  acid  acts  upon  this  balsam  with  considerable 
nitric  acid,  g^ergy.  When  one  part  of  the  balsam  is  mixed  with  four 
parts  of  nitric  acid  and  two  parts  of  water,  and  heated,  a 
yellowish  solution  is  formed,  similar  to  the  original  balsam, 
but  darker.  When  distilled,  there  comes  over  with  tlie 
liquid  that  passes  into  the  receiver  an  apple-green  oil,  which 
lines  the  helm  of  the  retort.  The  nature  of  the  residue  was 
not  examined.  Doubtless  it  would  have  been  found  to  con- 
tain artificial  Umiiin,  provided  a  sufficient  quantity  of  acid 
was  employed.  :j: 
xSimiiar  to  When  treated  with  sulphuric  acid,  it  yields  a  portion  of 
turpcnunc.  artificial  tannin.  § 

Whether  this  balsam  yields  benzoic  acid  has  not  been 
ascertained.  Its  properties  are  rather  against  the  probabi- 
lity of  its  doing  so.  Indeed  it  bears  a  striking  resemblance 
to  turpentine  in  many  respects ;  and  ought,  along  with  it, 
to  constitute  a  class  of  bodies  intermediate  between  volatile 
oils  and  resins,  to  which  the  name  of  turpentines  might  be 
given. 

*  Schonberg,  Cehlen's  Jour.  vi.  p.  495.  f  I^*  ibid. 

I  Id.  ibid.  p.  409. 

S  Ilatcbett,  Third  Scries  of  Experiments  on  Artificial  Tannia,  Phil 
Truus.  1806. 
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S.  Balsam  of  Tola. — This  substance  is  obtained  from  the  Chap,  i.' 
tobdfira  balsamumj  a  tree  which  grows  in  South  America.  ^*v**^ 
The  balsam  flows  from  incisions  made  in  the  bnrk.     It  BaUam  of 
comes  to  Ekirope  in  small  gourd  shells.    It  is  of  a  reddisli 
brown  colour  and  considerable  consistence ;  and  when  ex- 
posed to  the  air,  it  becomes  solid  and  brittle.    Its  smell  ia 
fragrant,  and  continues  so  even  after  the  balsam  has  become 
thick  by  age.     When  distilled  with  water,  it  yields  very 
little  volatile  oil,  but  impregnates  the  water  strongly  with 
its  taste  and  smell.    A  quantity  of  benzoic  acid  sublimes,  if 
the  distillation  be  continued.* 

Mr.  Hatchett  found  it  soluble  in  the  alkalies  like  the  rest  Action  of 
of  the  balsams.  When  ho  dissolved  it  in  the  smallest  pos-  »^^*l»"> 
sible  quantity  of  lixivium  of  potash,  it  completely  loses  its 
own  odour,  and  assumes  a  most  fragrant  smell,  somewhat 
resembling  that  of  the  clove  pink.  ^^  This  smelV  Mr. 
Hatchett  observes,  ^  is  not  fugitive,  for  it  is  still  retained 
by  a  solution  which  was  prepared  in  .Tune^  and  has  remained 
in  an  open  glass  during  four  months." 

When  digested  in  sulphuric  acid,  a  considerable  quan-  And  «cMs. 
tity  of  pure  benzoic  acid  sublimes.  When  the  solution  of 
it  in  this  add  is  evaporated  to  dryness,  and  the  residue 
treated  with  alcohol,  a  portion  of  artificial  tannin  is  ob» 
tained ;  the  residual  charcoal  amounts  to  0'5i*  of  tlie  origi* 
nal  balsam,  t 

Mr.  Hatchett  found  that  it  dissolved  in  nitric  acid  with 
nearly  the  same  phenomena  as  the  resins;  but  it  assumes 
die  odour  of  bitter  almonds,  which  leads  him  to  suspect  the 
formation  of  prussic  acid.  During  the  solution  in  nitric 
ncid,  a  portion  of  benzoic  acid  sublimes.  By  repeated  di* 
gestions  it  is  converted  into  artificial  tannin.^   . 

4.  Balsam  of  Peru. — I'his  substance  is  obtained  from  Balnm  of 
the  myroxyUm  peruiferumj  which  grows  ia  the  warm  parts  ^^'^ 
of  South  America.  The  tree  is  fiill  of  resin,  and  the  bal« 
tam  is  obtained  by  boiling  the  twigs  in  water.  It  has  the 
consistency  of  honey,  a  brown  colour,  an  agreeable  smell, 
and  a  hot  acrid  taste.  When  boiled  with  water  for  some 
time,  the  liquid  separated  by  tlie  filter  reddens  vq;;ctai)le 

*  Lewis,  Neumann's  Chcm.  p.  S85. 

t  Hatchatty  Third  Series  of  Experiments  on  Artificial  Taiuiin,  Pbil- 
Trans.  1806.  t  Ibid. 
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Book  IV.  blae%  and  deposits  crystsls  of  benzoic  acid  on 

The  water  contains  no  other  substance.*    When  distilkd 
irith  water,  it  yields  a  very  small  quantity  of  reddish  limpid 
oil.    Hoffinann  obtained  only  one  part  of  oil  firomlG  of 
balsam,  t    Lichtenberg  mixed  two  ounces  of  balsam  with 
eight  of  water,  and  di^illed.   The  first  two  ounces  of  water 
came  over  colourless,  and  had  only  a  slight  odour  of  the 
balsam.    The  next  three  were  milky,  smeh  strongly  of  the 
balsam,  and  at  the  bottom  of  the  receiver  were  some  drops 
of  colourless  oiL    The  next  1-^  ounce  were  similar,  but 
contained  more  oil.    Between  50  and  60  grains  of  benzoic 
acid  had  sublimed  into  the  neck  of  the  retort.    By  increas- 
ing the  heat  3^  drachms  of  yellow  oil  came  oiver,  and  a 
quantity  of  benzoic  acid.    A  black  shining  coal  remained 
in  the  reU>rt4 
Aetkm  of       When  this  balsam  is  exposed  to  the  heat  of  a  water  both, 
^^*         cmly  a  drop  or  two  of  water  and  a  few  drops  of  oil  can  be 
obtained.  $  When  placed  in  a  sand  bath,  and  exposed  to  a 
temperature  gradudly  raised,  nothing  more  comes  over  till 
the  balsam  is  heated  to  300^,  when  a  portion  of  bmzoic 
acid  sublimes ;  and  at  324^,  drops  of  water  and  oil  began 
to  come  over.  At  550^  the  balsam  begins  to  boil,  and  some 
gas  is  disengaged.    At  594^  the  oil  (mixed  with  a  little 
water)  comes  over  pretty  fast.     At  617°  it  comes  over  still 
more  rapidly.     Lichtenberg,  to  whom  we  owe  these  expe* 
rlments,  kept  four  ounces  of  balsam  at  that  temperature  for 
two  hours,  and  obtained  two  ounces  of  a  yellowish  oil,  and 
a  crystallized  mass  of  benzoic  add,  which,  together  with 
the  water,  weighed  6i  drachms.  The  gas  obtained  amounted 
to  58  ounce  measures;  of  these,  38  were  carbonic  acid* 
The  rest  burnt  like  olefiant  gas.    By  increasing  the  heat  a 
brownish  oil  came  over,  and  at  last  a  black  oil  of  the  con- 
sistence of  pitch,  and  49  ounce  measures  of  gas  were  extri- 
cated.   Of  these,  six  were  carbonic  acid ;  the  residue  burnt 
with  a  bluish  white  flame.  || 
Of  aikaies.      A  saturated  solution  of  carbonate  of  soda  forms  with  this 
balsam  a  thick  mass.    When  diluted  with  watar  and  heated, 
a  portion  is  dissolved.     The  solution,  when  saturated  with 


*  lichtenberg,  Gehlen's  Jour.  vi.  489. 

t  Observ.  Phys.  Chym.  Select,  p.  71.        J  Gehlen^s  Joor.  vi.  485. 

S  Lichtenbeiig,  Goblcn'a  Jour.  vi.  485.  ||  Ibid.  p.  487. 
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•ttlphurie  acid,  deposits  crystals  of  beniMc  acid.  One  part  Chip.  i. 
of  die  babam,  treated  with  one  part  of  potash  dissolved  in  ^^v^"*^ 
four  parts  of  water,  formed  an  opaqae  solution,  which  gra^ 
dually  separated  into  two  portions :  the  uppermost,  a  dear 
oil  with  some  grey  flakes  at  its  lower  sur&ce ;  the  under- 
most, a  dark  brownish-red  qpaque  solution.  This  last  so- 
lution, when  saturated  with  sulphuric  acid,  lets  fidl  a  resi- 
nous-like substance,  dissolved  by  boiling,  while  benzoic  acid 
crystallized.* 

Nitric  acid  acts  upon  the  balsam  with  energy,  and  gives  Of  ackit. 
it  an  orai^^e-yellow  colour  when  assisted  by  heat  When 
distilled  with*  a  sufficient  quantity  of  this  acid  diluted,  the 
liquid  in  the  receiver  smells  of  bitter  almonds.  When 
supersaturated  with  carbonate  of  potash,  and  mixed  with  a 
solution  of  iron,  a  precipitate  falls,  which,  when  treated 
with  moriatic  add,  leaves  prussian  blue^  and  indicates  the 
presence  of  prussic  acid.  During  the  distillation  benzoic 
acid  subUmes.  The  residue  in  die  retort  has  a  crystalline 
qppearance^  is  light  yellow,  dissolves  sparingly  in  boiling 
water,  and  predpitates  on  cooling  in  the  state  of  a  yellow 
powdcr.i  Such  was  the  result  of  Lichtenberg's  trials. 
Mr.  Hatchett  observed  that  the  residue  possessed  the  pro* 
parties  of  artifidal  tannin. 

When  this  balsam  is  treated  with  sulphuric  acid,  artificial 
tannin  is  also  formed,  and  the  residual  charcoal  amounts  to 
no  less  than  0*64  of  the  original  wdght  of  the  balsam.  | 

5.  Styrax. — ^This  is  a  semifluid  juice,  said  to  be  obtained  Stymu 
finom  the  Uquidambar  styradfluay  a  tree  which  grows  in  Vir- 
ginia, Mexico,  and  some  other  parts  of  America.§  It  is 
prepared,  according  to  Mr.  Petiver,  in  the  island  Cobross 
in  the  Red  Sea,  from  the  bark  of  a  tree  called  rosa  maUot 
faj  the  natives,  and  considered  by  botanists  as  the  same  with 
the  American  species.  The  bark  of  this  tree  is  boiled  in 
sah  water  to  the  consistence  of  bird-lime,  and  then  put  into 
casks.  H  Bouillon  la  Grange  has  published  an  account  of 
its  properties.**  Its  colour  is  greenish,  its  taste  aro- 
matic, and  its  smell  agreeable.    It  is  easily  volatilized  by 

*  lichtenbergy  Gehlen's  Jour.  vi.  487.  -f  Gehlen's  Jour.  vi.  491. 

}  Hatchett,  Third  Series  of  Experiments  on  Artificial  Tannin,  Phil. 
Trans.  1006. 
§  LeifisyNeanMuin's  Chemistry,  p.  S91« 
y  nil.  TiMit.  iroe,  vol.  u?i.  p.  44.       «  •  Ann.  de  Chim.  nn,  803. 
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heat.  When  treated  with  water,  benzoic  acid  is  dissolved. 
It  is  totally  soluble  in  alcohol  except  the  impurities.  When 
exposed  to  the  air  it  becomes  harder,  and  absoibs  oxygen. 
When  dbtilled,  it  yields  an  acidulous  water,  having  the 
odour  of  benzoic  acid,  a  limpid  colourless  hot  oil,  a  solid 
coloured  oil,  benzoic  acid,  and  a  mixture  of  carbonic  acid 
and  carbureted  hydrogen.  The  charcoal  is  light  and  con- 
tains some  oil. 

II.      SOLID   BALSAMS. 

The  solid  balsams  at  present  known  are  only  three  in 

number;  namely, 

1.  Benzoin. 

2.  Storax. 

3.  Dragon's  blood. 

1.  Benzoin. — This  substance  is  the  produce  of  ibesifrax 
benzocy  a  tree  which  grows  in  Sumatra,  &c  and  which  has 
been  described  by  Mr.  Dryander.*  Benzoin  is  obtained 
from  this  tree  by  incision ;  a  tree  yielding  three  or  four 
pounds.  It  is  a  solid  brittle  substwoe,  sometimes  in  the 
form  of  yellowish  white  tears  joined  together  by  a  brown 
substance,  and  sometimes  in  the  form  of  a  brown  substance 
not  unlike  common  rosin.  It  has  a  very  agt*eeable  smell, 
which  is  increased  by  heating  the  benzoin.  It  has  little 
taste.  Its  specific  gravity  is  1*092.  This  substance  has 
been  used  in  medicine  for  ages,  and  various  processes  have 
been  pointed  out  by  chemists  for  extracting  benzoic  acid 
from  it ;  but  the  only  person  who  has  examined  its  proper- 
tics  in  detail  is  Mr.  Brande.f 

Cold  water  has  very  little  effect  on  benzoin,  but  boiling 
water  takes  up  a  portion  of  benzoic  acid. 

Alcohol  dissolves  it  when  assisted  by  a  gentle  heat,  and 
forms  a  deep  yellow  solution  inclining  to  reddish-brown. 
When  this  solution  is  diluted  with  water,  the  benzoin  pre* 
cipitates  in  the  form  of  a  white  powder.  It  is  precipitated 
also  by  muriatic  and  acetic  acids,  but  not  by  the  alkalies. 
A  few  drops  of  sulphuric  acid  likewise  precipitate  the  ben- 
zoin ;  but  an  additional  quantity  redissolvcs  it,  and  forms  a 
liquid  of  the  colour  of  port  wine.  Wlien  equal  quantities 
of  the  alcoholic  solution  of  benzoin  and  sulphuric  acid  aro 


*  Phil.  TroDs.  1787,  p.  307.  -f  Nicholson*!  Jour.  x.  8S« 
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mixed,  a  dark-pink  precipitate  falls.    The  liquid  assumes  a  chap.  i. 
pink  colour,  which  becomes  lilac  when  diluted  with  water,  '^'-"v*^ 
Nitric  acid  occasions  a  strong  effervescence,  and  forms  a 
dark-red  fluid  with  the  alcoholic  solution,  but  throws  down 
no  precipitate.* 

Ether  dissolves  benzoin  with  facility,  and  the  solution  Ether, 
with  reagents  exhibits  the  some  phenomena  as  the  alco- 
holicf 

Nitric  acid  acts  with  violence  on  benzoin,  and  converts  Adds» 
it  into  an  orange-coloured  mass.  When  assisted  by  heat 
the  acid  dissolves  the  benzoin ;  and  as  the  solution  cools, 
crystals  of  benzoic  acid  gradually  separate.  Mr.  Hatchett 
ascertained  that  by  this  process  a  quantity  of  artificial  tannin 
is  formed. 

Sulphuric  acid  dissolves  benzoin,  while  benzoic  acid  (as 
Hatchett  discovered)  sublimes;  the  solution  is  at  first  a 
deep  red.  By  continuing  the  digestion,  a  portion  of  arti- 
ficial tannin  is  formed,  and  the  charcoal  evolved  amounts 
to  0*48  of  the  benzoin  dissolved.]: 

Acetic  acid  dissolves  benzoin  without  the  assistance  of 
heat  When  heat  is  applied,  the  solution,  as  it  cools,  be- 
comes turbid ;  owing  to  the  separation  of  benzoic  acid.^ 

Benzoin  is  dissolved  by  a  boiling  lixivium  of  the  fixed  Alkalies. 
alkalies ;  a  dark-brown  solution  is  formed,  which  becomes 
turbid  after  some  days*  exposure  to  the  air.     Ammonia 
likewise  dissolves  benzoin  sparingly.  || 

When  Mr.  Brande  exposed  100  grains  of  benzoin  in  a  Distilla- 
retort  to  a  heat  gradually  raised  to  redness,  the  products  ^^^"* 
were. 

Benzoic  acid •  •  9*0 

Acidulous  water 5*5 

Butyraceous  and  empjrrcumatic  oil 60*0 

Charcoal 22-0 

Carbureted  hydrogen  and  carbonic  acid  ...  3*5 

100-0 

Bucholz  subjected  1500  grains  of  benzoin  to  a  chemical 
analysis.     He  obtained  the  following  substances. 

*  Brande,  Nicholson's  Jour.  x.  82.  -I-  Ibid. 

f,  Hatchett,  Third  Series  of  Experiments  on  Artificial  Tannin. 
^  Braode,  Nicholson's  Jour.  x.  85.  ||  Ibid.  p.  86. 
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Resin 1850 

Benzoic  add •  •     187 

Substance  similar  to  balsan  of  Peru S5 

Aromatic  substance  soluble  in  water  and  alcohol        8 
Woody  fibres  and  impurities •      80 

1500» 

2.  Storax, — This  is  the  most  intrant  of  all  the  balsams, 
and  is  obtained  from  the  styrax  officinalis^  a  tree  which 
grows  in  the  Levant,  and  it  is  said  also  in  Italj.  Some- 
times it  is  in  the  state  of  red  tears;  and  this  is  said  to  be 
the  state  in  which  it  is  obtained  from  the  tree.  But  com- 
mon storax  is  in  large  cakes ;  brittle,  but  soft  to  the  touch, 
and  of  a  reddish-brown  colour.  This  is  more  fragrant 
than  the  other  sort,  though  it  contains  a  considerable  mix- 
ture of  saw-dust.  It  dissolves  in  alcohcd.  When  distilled 
with  alcohol  or  with  water,  scarcely  any  oil  is  obtained. 
When  distilled  by  the  naked  fire,  it  seems,  from  the  expe- 
riments of  Neumann,  to  yield  the  same  products  as  ben- 
zoin.f 

S.  Dragon* s  blood. — This  is  a  britde  substance  of  a  dark- 
red  colour,  which  comes  firom  the  East  Indies.  There  are 
'  two  sorts  of  it ;  one  in  small  oval  drops  or  tears  of  a  fine 
deep-red,  which  becomes  crimson  when  the  tears  are  re- 
due^  to  powder ;  the  other  is  in  larger  masses,  some  of 
which  are  pale-red,  and  others  dark.  It  is  probably  ob- 
tained from  different  kinds  of  trees ;  the  calamus  draco  is  said 
to  furnish  most  of  what  comes  from  India.  The  dracama 
draco  and  the  pterocarpics  draco  are  also  said  to  fiu'nbh  it. 
Properties.  Dragon's  blood  is  brittle  and  tasteless,  and  has  no  sen- 
sible smell.  Water  does  not  act  upon  it,  but  alcohol  dis- 
solves the  greatest  part,  leaving  a  whitish-red  substance,  par- 
tially acted  upon  by  water.  The  solution  has  a  fine  deep- 
red  colour,  which  stains  marble,  and  the  stain  penetrates 
the  deeper  the  hotter  the  marble  is.  It  dissolves  likewise  in 
oils,  and  gives  them  a  deep-red  colour  also.  When  heated 
it  melts,  catches  flame,  and  emits  an  acid  fiime  siqular  to 
that  of  baozoic  acid.j:  When  digested  with  lime^  a  por- 
tion of  it  becomes  soluble  in  water,  and  it  acquires  a  bal- 

•  Adq.  deChim.  lxuiv.319.  -f  NeimHuin's  Chem.  p.  IKK). 

f  Lewis,  Ncumaiui'i  Chem.  p.  S99. 
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■antic  odour.  On  adding  muriatic  add  to  the  scJation,  a  ciitp«  i. 
red  resinous  substance  is  precipitated,  and  slight  traces  of 
beoacnc  acid  only  become  perceptible.*  Nitric  acid  acts 
npon  it  with  energy,  changes  it  to  a  deep*yellow,  a  portion 
of  benzoic  add  is  sublimed,  and  a  brown  mass  remains 
soluble  in  water,  and  possessing  the  properties  of  artificial 
tannin.t  When  treated  with  sulphuric  acid  no  perceptible 
portion  of  benzoic  acid  sublimes ;  but  it  is  converted  partly 
into  artificial  tannin,  while  a  quantity  of  charcoal  is  evolved, 
amounting  to  0*48  of  the  original  dragon's  blood  employed.); 


SECT.  XXIX. 

OF  GUM  RESINS. 

This  class  of  vegetable  substances  has  been  long  distin- 
guished by  physicians  and  apothecaries.  It  contains  many 
active  substances  much  employed  in  medicine;  and  they 
certainly  possess  a  sufficient  number  of  peculiar  properties 
to  entitle  them  to  be  ranked  apart*  Unfortunately  these 
substances  have  not  yet  attracted  much  of  the  attention  of 
chembts.  Their  properties  and  constituents  of  course  are 
but  imperfectly  ascertained.  Of  late,  however,  they  have 
engaged  the  attention  of  M.  Braconnot,  who  has  recently 
published  a  very  detuled  examination  of  several  of  them, 
and  has  promised  to  examine  in  the  same  manner  the  whole 
of  the  class.§  They  may  be  distinguished  by  the  following 
characters. 

They  are  usually  opaque,  or  at  least  their  transparency  Pkopertiet. 
is  inferior  to  that  of  the  resins.     They  are  always  solid, 
tnd  most  commonly  brittle^  and  have  sometimes  a  fatty 
appearance. 

When  heated  they  do  not  melt  as  the  resins  do ;  neither 
are  they  so  combustible.  Heat,  however,  commonly  softens 
them,  and  causes  them  to  swell.     They  bum  with  a  flame. 

They  have  almost  always  a  strong  smell,  which  in  several 

*  Haldbett,  Second  Scries  of  Experiments  on  Artificial  Tannin,  PhiL 
IVans.  laOi.  t  Hatchett,  ibid. 

t  Hatdiett,  Thiid  Series  of  Experimenu  on  Artificial  Tannin,  PhiL 
IVaoi.  1806.  S  Ann.  de  Chin,  liviii.  19. 
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Bookiv.  instances  is  alliaceous.  Their  taste  also  is  often  acridy  and 
always  much  stronger  than  that  of  the  resins. 

They  are  parti^y  soluble  in  water ;  but  the  solution  is 
always  opaque^  and  usually  milky. 

Alcohol  dissolves  only  a  portion  of  thenu  The  sohition 
is  transparent;  but  when  diluted  with  water  it  becomes 
milky ;  yet  no  precipitate  fidls,  nor  is  any  thing  obtained  by 
filtering  the  solution* 

Vinegar  and  wine  likewise  dissolve  them  partially;  and 
the  solution,  like  the  aqueous,  is  opaque  or  milky. 

According  to  Hermbstadt,  they  are  insoluble  in  sulphuric 
ether. 

The  action  of  alkalies  on  them  has  been  examined  only 
by  Mr.  Hatchett  AU  of  them  tried  by  that  celebrated 
chemist  dissolved  readily  in  alkaline  solutions  when  assisted 
by  heat  We  may  therefore  consider  them  as  soluble  in 
alkalies  like  resins. 

From  the  experiments  of  Mr.  Hatchett,  we  learn  that 
the  acids  act  on  these  bodies  nearly  as  they  do  on  the 
resins.  Sulphuric  acid  dissolves  them,  and  graduaHy  con- 
verts them  into  artificial  tannin  and  charcoaL  The  fi>I- 
lowing  are  the  quantities  of  charcoal  obtained  by  this 
chemist  from  100  grains  of  different  gum  resins  digested 
in  alcohol: 

Ammoniac 58        Mjrrrh 40 

Asafoetida 51         Gamboge 31 

Olibanum 44 

Nitric  acid  acts  upon  them  with  energy;  converting 
them  first  into  a  brittle  mass,  and  then,  with  the  assistance 
of  heat,  dissolving  them.  By  evaporating  this  solution, 
Mr.  Hatchett  obtained,  from  ammoniac  and  asafistida,  a 
portion  of  artificial  tannin;  but  he  did  not  succeed  in 
procuring  it  by  the  same  means  firom  olibanum,  myrrh,  and 
gamboge.^ 

Their  specific  gravity  is  usually  greater  than  that  of  the 
resins. 

Their  other  properties  still  continue  unknown.  They 
all  cither  exude  spontaneously  from  plants,  or  are  obtained 
by  incisions.  At  first  they  seem  to  be  in  a  liquid  state ;  but 
they  gradually  harden  when  exposed  to  the  air  and  weather. 

•  Phil  Trans.  1806. 


OUM  RESINS.  165 

Tbey  have  been  usually  considered  by  chemists  as  com-  Chip.  i. 
posed  of  gum  and  resin ;  but  their  properties  are  not  con- 
sistent with  that  supposition.  They  all  contain  a  volatile 
oil,  or  a  substance  intermediate  between  an  oil  and  resin. 
To  this  substance  we  are  to  ascribe  the  milky  solution  which 
they  fbnn  with  water.  The  other  constituent,  in  most 
cases,  bears  a  much  closer  resemblance  to  extractive  than  to 
gum.  Perhaps,  then,  we  shall  not  err  very  far,  if  we  consi- 
der the  gum  resins  as  composed  of  a  gum  or  an  extractive 
Kubstance^  and  a  body  intermediate  between  oil  and  resin ; 
to  which  last  they  owe  their  most  peculiar  properties. 

The  gum  resins  which  have  been  hitherto  applied  to  any 
useful  purpose  are  the  following : 

1.  Galbanum.    It  is  obtained  from  the  bubon  galbanum^  Gtlbinam. 
a  perennial  plant,  and  a  native  of  Africa.    When  this 

plant  is  cut  across  a  little  above  the  root,  a  milky  juice 
flows  out,  which  soon  hardens  and  constitutes  galbanum. 
It  comes  to  this  country  from  the  Levant,  in  small  pieces 
composed  of  tears,  agglutinated  together,  of  a  yellowish  or 
white  colour.  Its  taste  is  acrid  and  bitter,  and  its  smell 
peculiar.  Water,  yinegar,  and  wine,  dissolve  part  of  it, 
but  the  solution  is  milky.  Alcohol  dissolves  about  f  ths. 
When  distilled  it  yields  about  half  its  weight  of  volatile 
oil,  which  has  at  first  a  blue  colour.  Its  specific  gravity  is 
1-212.* 

2.  Ammomac. — This  substance  is  brought  from  the  East  Ammo* 
Indies.    Nothing  certun  is  known  concerning  the  plant  "^^^ 
which  yields  it;  though  from  analogy  it  has  been  suspected 

to  be  a  species  ofJerulaA  It  is  in  small  pieces  agglutinated 
together,  and  has  a  yellowish-white  colour.  Its  smell  is 
somewhat  like  that  of  galbanum,  but  more  pleasant  Its 
taste  is  a  nauseous  sweet  mixed  with  bitter.  It  does  not 
melt.  Water  dissolves  a  portion  of  it ;  the  solution  is 
milky,  but  gradually  lets  fall  a  resinous  portion.  More 
dian  one-half  is  soluble  in  alcohol.    This  portion  is  a  resin. 


.   ^  Brisfoa. 

^  M^ldenow  made  the  seeds  vegetate  which  are  obsenred  in  ammo^ 
niac.  Of  the  plant  produced  he  has  formed  a  new  genus  under  the  name 
afhenekum  gummifera.  But  as  the  roots  of  this  plant  were  not  observed 
to  yield  ammomac,  it  is  still  doubtful  how  far  it  is  the  plant  from  which 
inomoaiar  it  procured.    See  Ana.  de  Chim.  Jus.  i67. 
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Book  IV.^  OAoar  whiter  soft,  and  ductile.  /  Melts  when  lieftted,  and 
'  bums  like  a  resin.  When  heated  becomes  harder,  but  nol 
brittle.  Nearly  tasteless.  Soluble  in  ether  and  in  nitric 
acid.  Precipitated  from  it  in  the  form  of  an  orange  sub^* 
stance,  partly  resin,  partly  bitter.  A  portion  remauis,  and 
gives  the  liquid  a  yellow  colour.  Taste  of  the  scdution 
slightly  acid  and  bitter.  Not  precipitated  by  carbonate  of 
soda,  ammonia,  nitrate  of  silver,  nor  acetate  of  lead.  The 
orange  substance  has  a  bitter  taste.  When  heated,  readily 
Bwelk  and  blackens,  but  does  not  flame.  Boms  without 
leaving  any  residuum.  Lighter  than  water.  When  agi* 
tated  in  water,  tinges  it  yellow,  but  does  not  all  disscdve. 
The  specific  gravity  of  ammoniac  is  1*207.  Mr.  Hatchetl 
found  it  soluble  in  alkalies.  Neither  alcohol  nor  water, 
when  distilled  off  it,  bring  over  any  thing. 

According  to  the  analysis  of  Braconhot,  ammoniac  i$ 
composed  of  the  following  ingredients : 

Resin 70*0 

Gum 18*4 

Glutinous  matter  . .    4*4< 

Water    6*0 

Loss 1-2 


100-0 


The  resin  he  found  brittle  and  yellow.  In  these  respects 
it  differs  from  the  resin  which  I  extracted  from  ammoniac^ 
which  was  soft,  and  continued  so  after  being  exposed  to  the 
air  for  two  months.  This  difference  is  probably  owing  to  the 
state  of  the  ammoniac,  sometimes  it  is  brittle  and  y^ow,  at 
other  times  soft  and  white.  It  was  in  this  last  state  that  I 
examined  it.  Braconnot  found  the  yellow  matter  into 
which  this  resin  is  converted  by  nitric  acid  soluble  in  hot 
alcohol  and  water.  It  had  the  property  of  dyeing  silk  a 
fine  yellow  colour,  not  altered  by  chlorine.  The  gum 
which  he  extracted  from  ammoniac  possessed  the  pro- 
perties of  common  gum  as  far  as  he  examined  them.  It  is 
transparent,  yellowish,  brittle,  soluble  in  water,  and  preci* 
pitated  by  subacetate  of  lead,  but  not  by  the  acetate,  nor 
the  nitrate  of  lead.  The  mercurial  salts  render  the  solution 
milky.  By  nitric  acid  it  is  converted  into  saclactic  and 
oxalic  acids,  and  furnishes  also  a  little  malic  acid.    The 
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matter  was  insoluble  in  water  and  alcohol ;  it  Chtp.  i. 
became  black  when  dried,  and  yielded  a  yellow  matter  and  ^^v*^ 
some  oxalic  acid  when  treated  with  nitric  acid.* 

S..  ^ioes.^-Thi8  is  the  inspissated  juice  of  the  leaves  of  a  Aloet. 
variety  of  the  aloe  perfoliatay  a  plant  which  grows  in  Soco- 
tora,  an  island  in  the  East  Indies.  Aloes  has  a  resinous 
fq)pearance9  a  reddish-yellow  colour,  a  bitter  taste,  and  an 
aromatic  smell.  It  has  been  recently  examined  by  Bracon- 
not,  who  found  it  composed  cheifly  of  a  peculiar  matter 
similar  to  that  detected  by  Vauquelin  in  many  febrifuge 
barks,  and  to  which  Braconnot  proposes  to  give  the  name 
of  resinous  bitter  prindple.f  Trommsdorf,  on  the  other 
hand,  and  Bomllon  La  Grange  and  Vogel,  consider  it  as 
composed  of  resin  and  a  peculiar  extractive  matter4  Fa- 
broni  has  discovered  that  the  recent  juice  of  the  leaves  of 
the  aloe  has  the  property  of  absorbing  oxygen,  and  of  as- 
suming a  fine  reddi«ih  purple,  and  of  yielding  a  pigment 
which  be  strongly  recommends  to  the  painter.  $ 

4.  Olibanum*''— This  substance  is  the  frankincence  of  the  Olibanum. 
ancients.  They  obtained  it,  as  Dioscorides  informs  us^ 
from  Arabia  and  India.  From  Pliny  we  learn  that  the 
tree  which  yielded  it  was  neither  known  to  the  Greeks  nor 
Romans.  At  present  olibanum  is  imported  to  Ix)ndon  in 
chests,  containing  each  about  a  hundred  weight.  It  comes 
from  different  places,  among  others  from  the  East  Indies, 
but  the  Indian  olibanum  is  least  esteemed.  The  tree  which 
yields  this  gum  resin  continues  still  doubtful.  The  proba- 
bility is,  that  di£ferent  species  of  trees  furnish  it  in  dUTerent 
countries.  Lamark  is  of  opinion  that  the  tree  which  yields 
the  Axj^ian  olibanum  is  the  amyris  gileadensis.  It  is  called 
by  the  natives  soukiou.  According  to  Foerskal,  it  is  the 
amyris  hataf.  Mr.  Colebrook  has  shown  that  the  Indian 
olibanum  comes  from  the  boswellia  serrata  of  Roxbourgh,  a 
large  tree,  which  grows  on  the  mountains  of  India.  || 

Olibanum  is  a  semitransparent,  brittle,  whitish-yellow 
substance^  usually  covered  externally  by  a  whitish  farinace- 
ous substance^  produced  by  the  pieces  rubbing  against  each 
other.    Its  taste  is  acrid  and  aromatic,  and  when  burnt,  it 

*  Ann.  de  Chim..lxviii.  69.  t  I^i^l-  i^i^iii- 18. 

I  Ibid.  p.  11  and  155.  S  Ibid.  uv.  SOI. 

y  Asiatic  ftwearcbesyix.  377. 
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Book  IV.  diffuses  an  agreeable  odour.  When  heated,  k  melts  with 
difficulty,  but  burns  brilliantly,  and  leaves  a  whitish  ash 
composed  of  phosphate  of  lime,  carbonate  of  lime  and 
sulphate,  muriate  and  carbonate  of  potash.  According  to 
the  analysis  of  Braconnot,  it  is  composed  of  the  following 
constituents : 

Volatile  oil ^ 8 

Resin ....  % 56 

Gum 30 

Matter  like  gum,  insoluble  in  water  and  alccAoI    5*2 
Loss 0*8 


100-0* 


The  oil  had  a  lemon-colour,  and  a  smell  similar  to  the  oil 
of  lemons. 

The  resin  is  reddish-yellow,  britde,  tasteless^  and  very 
similar  in  appearance  to  rosin.  BoiUng  water  softens  it ; 
but  a  higher  temperature  is  necessary  to  melt  it  When 
burnt,  it  emits  rather  an  agreeable  odour.  Whai  heated 
to  dryness  with  potash  ley,  it  leaves  a  matter  which  is  capa* 
ble  of  forming  a  kind  of  emulsion  with  boiling  water. 

The  gum  possesses  few  peculiarities.     The  infusion  of 
nutgalls  occasions  a  precipitate  in  its  aqueous  solution. 
Nitric  acid  converts  it  partly  into  saclactic  acid.f 
Sagape-  5.  Sagape/ium, — The  plant  which  yields  this  gum  resin 

is  not  well  known ;  but  it  is  suspected  to  be  the  fcridu  per" 
sica.  The  substance  itself  is  brought  to  Eui'ope  from  Alex- 
andria. It  is  commonly  in  tears  agglutinated  together. 
Colour  yellow.  Taste  hot  and  bitter.  Smell  alliaceous. 
Softens  between  the  fingers,  but  does  not  melt  when  iieated. 
Sparingly  soluble  in  water,  but  almost  completely  soluble 
in  alcohol.  When  distilled  with  water  it  yields  a  litde  vo- 
latile oil.  The  water  is  strongly  impregnated  with  tlie 
flavour  of  the  sagapenum.J 
Asafociida;  6.  Asqfcetida. — This  substance  is  obtained  from  the  ferula 
asafoetida^  a  perennial  plant  which  is  a  native  of  Persia. 
When  tlie  plant  is  about  four  years  old,  its  roots  are  dug 
up  and  cleaned.  Their  extremity  being  then  cut  off,  a 
milky  juice  exudes,   which  is  collected.     Then  another 

•  Ajin.  de  Chim.  Uviii.  60.       f  Bracoimot,  Ann.  de  Chim.  Ixviii.  60. 
J  Neumann8Chein.p.  dl€|. 
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portion  is  cut  off,  and  more  juice  exudes.  This  is  conti-  Chap,  l 
naed  till  the  roots  are  exhausted.  The  juice  thus  collected  '^""v^^ 
soon  hardens  and  constitutes  asafcetida.  It  comes  to  Eu- 
rope in  small  grains  of  different  colours,  whitish,  reddish, 
▼iolet,  brown.  Pretty  hard,  but  brittle.  Its  taste  is  acrid 
and  bitter;  its  smell  strongly  alliaceous  and  fetid.  Alcohol, 
according  to  Neumann,  dissolves  about  ^ths  of  this  sub- 
stance; and  water  takes  up  nearly  4-th  if  applied  before  the 
q)irit.  A  considerable  portion  of  earthy  matter  remains 
undissolved.  It  yields  a  volatile  oil,  both  when  distilled 
with  water  and  alcohol.  This  oil  possesses  the  active  pro- 
perties of  the  asafcetida  itself.*  The  specific  gravity  of  the 
guUm  resin  is  1*327. 

7.  Scammcny. — ^This  substance  is  obtained  from  the  con"  Sam* 
volvulus  scammonia,  a  climbing  plant  which  grows  in  Syria,  >o<"7^ 
and  was  first  correctly  described  by  Dr.  Russel.f  The 
roots  when  cut  yield  a  milky  juice.  This  when  collected 
and  allowed  to  harden  constitutes  scammony.  Colour  dark 
grey  or  black.  Smell  peculiar  and  nauseous ;  taste  bitter 
and  acrid.  With  water  it  forms  a  greenish-coloured  opaque 
liquid.  Alcohol  dissolves  the  greatest  part  of  it.  It  is 
usually  mixed  with  the  expressed  juice  of  the  root,  and 
firequently  also  with  other  impurities,  which  alter  its  ap- 
pearance. In  medicine  it  operates  as  a  strong  cathartic  Its 
specific  gravity  is  1*235.% 

Vogel  and  Bouillon  La  Grange  have  analysed  the  two  var 
rieties  of  scammony  that  come  from  Aleppo  and  from 
Smyrna.    The  scammony  of  Aleppo  was  composed  of 

Resin 60 

Gum 3 

Extractive. 2 

Vegetable  debris,  earth,  &c 35 

100 
The  scammony  of  Smyrna  was  composed  of 

Resin 29 

Gum 8 

Extractive 5 

Vegetable  debris,  &c 58 

•  Nenmaim's  Chemistry^  p.  312.  ^ 

f  See  an  abridgment  of  hit  account  by  Dr.  Lewis,  Nenmaon'sChem. 
p.  903.  t  Brissoo.  §  Ann*  de  Chin,  ixxii.  #9. 
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Book  IT.  8*  Opoponax. — ^This  sabstance  is  obtained  firon  diepof^ 
^"-v*^  iinaca  cpoponax^  a  plant  which  is  a  native  of  the  oonntriai 
^>n^^'^  round  the  Levant  The  gum  resin,  like  moat  others,  is 
obtained  by  wounding  the  roots  of  the  plant  The  milky 
juice,  when  dried  in  the  sun,  constitutes  the  opoponax* 
It  is  in  lumps  of  a  reddish  yellow  colour,  and  white  within. 
Smell  peculiar.  Taste  bitter  and  acrid.  With  water  it 
forms  a  milky  solution,  and  about  one-half  of  it  dissolves. 
Alcohol  acts  but  feebly.  When  distilled  with  water  or 
alcohol,  these  liquids  acquire  the  flavour  of  opoponax,  but 
no  oil  separates.*     Its  specific  gravity  is  l^MStf 

Whoi  distilled  it  yields  a  brown  oil,  acetic  add  in  which 
a  bituminous  oil  swims,  the  residual  charcoal  weighs  -fj^  cS 
the  opoponax  distilled.    When  incinerated  it  left  -^  of  its 
of  ashes  composed  of 

Carbonate  of  lime 18 

Silica. ••  • .     2 

Carbonate  "^ 

Sulphate      Vof  potash 15 

Muriate     J  — 
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According  to  the  analysis  of  PcDetier,  to  whom  we  are 
indebted  for  the  preceding  distillation,  opoponax  is  com- 
posed of  the  following  constituents : 

Resin 42*0 

Gum 33*4 

Wood 9-8 

Starch 4*2 

Malic  acid 2*8 

Extractive 1*6 

Caoutchouc Trace 

Wax 0*3 

Volatile  oil  and  loss 5*9 

lOOOt 

Gtinboge.  9-  Gamboge  or  Gwngutt. — This  substance  is  obtained 
from  the  stalagmitis  gambogioideSf  a  tree  which  grows  wild 
in  the  East  Indies.     In  Siam  it  is  obtained  in  drops  by 

•  Neimmnn's  Chem.  p.  S16.  t  Brissoa. 

t  Ado.  de  Chim.  Ixiz.  90. 
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womding  the  shoots;  in  Ceylon  it  exndes  from  wounds  in  Chip.  i. 
the  hark.  It  is  brought  to  Europe  in  large  cakes.  Its  ^  >/  **^ 
colour  is  yelk>w;  it  is  opaque,  britde,  and  breaks  vitreous. 
It  has  no  smell,  and  very  little  taste.  With  water  it  forms 
a  yellow  turhid  liquid.  Alcohol  dissolves  it  almost  com- 
pletely ;  aiid  when  mixed  with  water  becomes  turbid,  unless 
the  solution  contain  ammonia.  In  that  case  acids  throw 
down  an  insoluble  yellow  precipitate.  It  operates,  when 
taken  internally,  as  a  most  violent  cathartic.  Its  specific 
gravity  is  1*221.*  It  appears  that  it  was  brought  to  Europe 
by  the  Dutch  about  the  middle  of  the  17th  century,  f  It 
forms  a  fine  yellow  paint,  and  stains  hot  marble  of  a  fine 
lemon  yellow.  ^ 

Braconnot  analysed  it,  and  found  it  composed  of  one  part 
of  a  gum  which  possessed  the  properties  of  cherry  tree 
gum,  and  four  parts  of  a  reddish  brittle  resin  which  pos- 
sessed the  characteristic  properties  o{  the  resins.  It  dis- 
solved in  alcohol  and  alkalies,  and  by  nitric  acid  was 
converted  into  a  yeUowish  bitter  matter.  Chlorine  de- 
prived it  of  its  dark  colour,  and  a  combination  took  place 
between  it  and  muriatic  acid,  in  which  it  neutralized  that 
acid.$ 

10.  Myrrh. — The  plant  from  which  this  substance  is  ob-  Mynb. 
tained  is  unknown.  If  we  believe  Bruce  it  belongs  to  the 
genus  of  mimosa.  It  grows  in  Abyssinia  and  Arabia.  It 
is  in  the  form  of  tears.  Colour  reddish  yeUow ;  when  pure 
somewhat  transparent,  but  it  is  often  opaque.  Odour  p^^ 
culiar.  Taste  bitter  and  aromatic  Does  not  melt  when 
heated,  and  burns  with  difficulty.  With  water  it  forms  a 
yellow  opaque  solution.  The  solution  in  alcohol  becomes 
opaque  when  mixed  with  water,  but  no  precipitate  appears. 
By  distillation  with  water  it  yields  an  oil  heavier  than 
water;  but  nothing  comes  over  with  alcohol. ||  Its  specific 
gravity  is  l'S60.**  It  is  employed  in  medicine.  Mr.  Hat* 
chett  found  it  soluble  in  alkalies. 

From  the  analysis  of  Braconnot  it  appears  that  myrrh  if 
eomposed  of  about 

*  BritsoD. 

t  See  the  Anatomia  Essendarum  Vegetabilium  of  Angelas  Sain,  p.  31. 
X  Lewify  NeumanD's  Chem.  p.  SCO.  ^  Ann.  de  Cliini.  iKviii.  33. 

H  Lewis,  Neomann's  Chem.  p.  317.  **  Brissoo. 


INOREDIENT9  ^  PLANTS. 

23  resin 
77  gum 

m 

The  resin  is  reddish,  ha6  a  bitter  taste  and  the  peculiar 
odour  of  myrrh.  The  gum  according  to  Braconnot  differs 
m  its  properties  from  every  other  gummy  substance  hi- 
therto examined.  It  has  a  dark  brown  o^loiir;'  is  at  first 
soluble  in  water,  but  by  boiling  the  liquid,* or  by  exposing 
the  gum  to  heat,  it  acquires  cohesive  prc^rti^'  and  be- 
comes insoluble  in  water.  When  distilled  it 'yields  am- 
m^onia,  and  when  dissolved  in  nitric  acid  azotic  gas  is  dis- 
engaged. It  is  precipitated  by  the  salts  of  leadf  mercury, 
and  tin,  and  it  falls  in  combination  with  the  oxides  of  these 
metals.* 

But  the  result  of  the  examination  of  myrrh  by  Pettetier 
differs  materially  from  that  of  Braconnot  According  to 
him  it  is  composed  of 

Resin  containing  some  volatile  oil. . .  •  54*68 
Gum.  •  •  •  • 66*S2 


100-00 


The  resin  owed  its  taste  and  solubility  in  water  to  the 
volatile  oil,  when  deprived  of  which  it  became  tasteless  and 
insoluble  in  water  and  infusible  at  the  temperature  of  212^. 
The  gum  possessed  the  properties  of  common  gum.  It 
was  soluble  in  water  after  the  aqueous  solution  had  been 
evaporated  to  dryness.  When  treated  with  nitric  acid  it 
yielded  oxalic  acid  but  no  saclactic  acid.f 
Evphor-  II*  Eupkorbium, '^Tbis  substance  is  obtained  from  the 
^"*"*»  euphorbia  officinalis.  The  milky  juice  which  exudes  from 
that  plant,  when  dried  in  the  sun,  constitutes  euphorbium. 
It  is  brought  from  Africa  in  small  yellow  tears.'  It  has  no 
smell,  and  is  mostly  soluble  in  alcohol.  Its  specific  gravity 
is  1424.:(    It  is  considered  as  poisonous. 

According  to  the  analysis  of  Braconnot  it  is  composed 
of 

*  Ann.  de  Cbim.  ixviii.  52.  f  Ibid.  Ixxx.  45. 

X  Brisson. 
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Resin 37*0 

Wax 19*0 

Malate  of  lime 20*5 

Malate  of  potash •  •     2*0 

Water 5*0 

Woody  matter 13*5 

Loss 8*0 


100*0 


The  resin  has  peculiar  properties.  It  is  reddish  and  trans- 
parent, excessively  acrid,  and  possesses  poisonous  quali- 
ties. It  is  insoluble  in  alkalies,  but  soluble  in  sulphuric 
and  nitric  acid.  These  properties  show  it  to  be  a  peculiar 
vc^atable  principle.  The  wax  possesses  the  properties  of 
bees  wax.  The  malate  of  lime  had  been  mistaken  for 
gum.* 

12.  Bdellium. — ^This  gum  resin  comes  from  Arabia,  and  B4f1*w'w- 
•is  supposed  to  be  the  produce  of  a  species  of  amyris : 
Thouj^  nothing  certain  has  been  published  on  that  subject. 
It  is  in  yellowish  transparent  tears.  When  triturated  be* 
tween  the  teeth  it  becomes  soft.  Its  taste  is  somewhat 
acrid.  When  thrown  upon  burning  coals  it  becomes  soft^ 
and  bums  like  a  resin.  Its  specific  gravity  is  l*S71.t  Al- 
cohol dissolves  about  three^fifths  of  its  weight  of  bdellium, 
the  undissolved  portion  is  a  mixture  of  gum  and  cerasin. 
According  to  the  analysis  of  PcUetier  its  constituents  are : 

Resin 59 

Gum 9*2 

Cerasin 30*6 

'  Volatile  oil  and  loss  •  •    1*2 


100*0t 

IS.  Little  is  known  concerning  the  substance  called  cor  Quinaa. 
rannaj  reckoned  among  the  gum  resins.  Its  specific  gra- 
vity  is  1*124.$  The  substance  extracted  from  ivy,  and 
known  by  the  name  of  gummi  hederce^  is  considered  at  pre- 
soit  as  a  gum  resin ;  but  I  do  not  know  that  it  has  been 
chemically  examined.    Its  specific  gravity  is  1*294. 

*  Ann.  de  Chim.  Ixviii.  44.  f  Brisson. 

t  Ann.  de  Cfaim.  Ixxx.  39.  "     h  Brisson. 
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Book  IV.       14.  From  the  experiments ,  made  upon  ipecftdfiHi  di« 

''•"v"^  root  of  the  cephelis  ipecacuanha^  especially  by  Dr.  Inrine^ 

Ipecaca-     ^^  lesm  that  it  also  contains  a  gum  resin.    The  same 

remark  applies  to  several  other  vq^etable  substmoes  em* 

ployed  in  medicine. 

It  deserves  attention,  that  the  gum  renns,  when  miiEK 
jected  to  destructive  distillation,  yield  all  of  them  a  portion 
of  ammonia ;  a  proof  that  they  all  contain  aiote.  In  this 
xeqpect  they  agree  with  extractive. 


SECT.  XXX. 

OF  CAOUTCHOUC. 

Hitfsgf.         About  the  beginning  of  the  18th  century,  a  mAmtansB 
ladled  caoutchouc  was  brought  as  a  curiosity  from  America* 
It  was  sofl^   wonderfully  elastic,   and  very  combustible^ 
The  pieces  of  it  that  came  to  Europe  were  usually  in  the 
shape  of  botdes,  birds,  &&    This  substance  is  veiy  much 
used  in  rubbing  out  the  marks  made  upon  paper  by  a  Uack 
lead  pencil ;  and  therefore  in  this  country  it  is  often  called 
Indian-rubber.     Nothing  was  known  of  its  production, 
except  that  it  was  obtained  from  a  tree,  till  the  French 
ftcademicians  went  to  South  America  in  17S5  to  measure  a 
d^ee  of  the  meridian.    M.  de  la  Condamine  s^t  an  ao* 
count  of  it  to  the  French  Academy  in  the  year  1736.    He 
told  them,  that  there  grew  in  the  province  of  Esmeraldas, 
in  Brazil,  a  tree,  called  by  the  natives  Hhev^;  that  from 
this  tree  there  flowed  a  milky  juice,  which,  when  inspis^ 
sated,  was  camitchouc.     Don  Pedro  Maldonado,  who  ac- 
companied the  French  academicians,  found  the  same  tree 
on  the  banks  of  the  Maragnon ;  but  he  died  soon  ader, 
and  hb  papers  were  never  published.     Mr.  Fresnau,  after 
a  very  laborious    search,    discovered    the  same  tree  in 
Cayenne.    His  account  of  it  was  read  to  the  French  Aca^ 
demy  in  1751.* 
Ffnti  It  is  now  known  that  there  are  at  least  two  trees  in  South 

^^'•""***^  America  from  which  caoutchouc  may  be  obtained;  the 
havta  moukhouc^  and  the  jairopha  elastica;  and  it  is  ex- 

•  Mem.  Par.  1751,  p.  319. 
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eeedingly  probable  that  it  is  extracted  also  from  other  chap.  L 
species  o(  htevea  axid  jatropha.  Several  trees  likewise  which 
grow  in  the  East  Indies  yield  caoutchouc;  the  principal  of 
these  are^  the  ^ficus  indica^  the  artocarpus  integrifoUoy  and 
the  urceola  elastica;  a  plant  discovered  by  Mr.  Howison, 
and  first  described  and  named  by  Dr.  Roxburgh.*  Dr* 
Benjamin  Smith  Barton  is  said  to  have  obtained  it  from  the 
juice  of  the  strnilax  caduca^  which  grows  abundantly  in  the 
neighbourhood  of  Philad€Jphia.f  Mr.  Woodcock  found 
it  in  the  milky  juice  of  the  asclepias  vincetoxtcum^X 

When  any  of  these  plants  is  punctured,  there  exudes 
from  it  a  milky  juice^  which,  when  exposed  to  the  air» 
gradually  lets  fall  a  concrete  substance,  which  is  caout- 
chouc. 

If  chlorine  be  poured  into  the  milky  juice,  the  caout* 
chouc  precipitates  immediately,  and  at  die  same  time  the 
acid  loses  its  peculiar  odour.  This  renders  it  probable 
that  the  formation  of  the  caoutchouc  is  owing  to  its  basis 
absorbing  oxygen.§  If  the  milky  juice  be  confined  in  a 
glass  veuel  containing  common  air,  it  gradually  absorbs 
oxygen,  and  a  pellicle  of  caoutchouc  appears  on  its  sui^* 
&ce.|| 

Caoutchouc  was  no  sooner  known  than  it  drew  the  at* 
tention  of  philosophers.  Its  singular  properties  promised 
that  it  would  be  exceedingly  usefiil  in  the  arts,  provided 
any  method  could  be  fallen  upon  to  mould  it  into  the  va- 
rious instruments  for  which  it  seemed  peculiarly  adapted. 
Messrs.  de  la,Condamine  and  Fresnau  had  mentioned  some 
of  its  properties ;  but  Macquer  was  the  first  person  who 
undertook  to  examine  it  with  attention.  His  experiments 
were  published  in  the  Memoirs  of  the  French  Academy 
for  the  year  1768.  They  threw  a  good  deal  of  Ught  on 
the  subject ;  but  Macquer  fell  into  some  mistakes,  whidi 
were  pointed  out  by  Mr.  Berniard,  who  published  an  ad* 
mirable  paper  on  caoutchouc  in  the  17Ui  volume  of  the 
Journal  de  Physique.  To  this  piq^er  we  are  indebted  fiir 
the  greater  number  of  &cts  at  present  known  respecting 
caoutchouc.    Mr.  Grossart  and  Mr.  Fourcroy  having  like- 

^  Anatic  Researches,  ▼.  167.    London  Edition. 

f  Plril.  Mag.  xl.  ea.  r  Ibid.  185. 

S  Fonrcroyy  Ann.  de  Chim.  xi.  959. 

I  Ibid. 
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Book  IV.  wise  added  considerably  to  4mr  kMOHledge  of  tfiis  singulai* 
^""v*^  fubstance ;  both  of  their  treatises  have  been  published  in 

the  11th  volume  of  the  Annales  de  Chimie. 
Prepertief.  Caoutchouc,  when  pure,  is  of  a  white  oolonr,*  and 
without  either  taste  or  smell.  The  blackish  eolour  of  the 
caoutchouc  of  commerce  is  owing  to  the  method  employed 
in  drying  it  after  it  has  been  spread  upon  moulds*  The 
usual  way  is  to  spread  a  thin  coat  of  the  milky  juice  upon 
the  mould,  and  then  to  dry  it  by  exposing  it  to  smoke; 
afterwards  another  coat  is  spread  on,  which  is  dried  in  the 
same  way.  Thus  the  caoutchouc  of  commerce  consists  of 
numerous  layers  of  pure  caoutchouc  alternating  with  aa 
many  layers  of  soot. 

Caoutchouc  is  soft  and  pliable  like  leather.  It  is  ex- 
ceedingly elastic  and  adhesive;  so  that  it  may  be  fiyrdbly 
stretched  out  much  beyond  its  usual  length,  and  instantly 
recover  its  former  bulk  when  the  force  is  withdrawn.  It 
cannot  be  broken  without  ver]j^  considerable  fixrce.  Its 
specific  gravity  is  0'9S35.t 
Bttticity  Xo  that  acute  philosopher  Mr.  Gough  of  Manchester^ 
^"^kL.  I  am  indebted  for  some  very  important  experimente  on  the 
connexion  between  the  temperature  of  caoutchouc  and  its 
elasticity.  They  have  been  since  published  in  the  second 
volume  of  the  Manchester  Memoirs,  second  scries.  It  is 
necessary  to  premise,  that  Mr.  Gough  has  been  blind  from 
an  infant,  and  that  therefore  his  sense  of  touch  is  pecu- 
liarly delicate ;  so  much  so,  that  he  is  an  excellent  botanist, 
and  can  distinguish  plants  with  the  utmost  certainty  by  the 
feel :  a  power  so  extraordinary,  that  we  who  enjoy  the  ad- 
vantage of  sight  can  scarcely  conceive  how  it  can  be  ac- 
quired.    Mr.  Gough's  experiments  are  as  follows : 

Take  a  thong  of  this  substance  two  or  three  inches  long, 
and  a  few  lines  in  breadth  and  thickness;  put  it  in  warm 
water  till  it  becomes  quite  pliant :  then,  holding  it  merely 
extended  between  the  two  hands,  bring  the  edge  of  it  in 
^ntact  with  the  lips,  and  observe  the  temperature  (of  the 
variations  of  which  that  part  of  the  face  is  a  very  nice 

«  I  have  some  pieces  of  it  from  the  East-Indies  which  had  been  al« 
lowed  to  inspissate  in  the  open  air.  They  are  white,  with  a  slight  cast 
of  jellow,  and  have  very  much  tlie  appearance  and  feel  of  white  soap. 

i  Brisson. 


judge);  then  remove  <lie  thoBg  a  few  lines  from  the  lips,  Chap.i» 
and  stretch  it  forcibly,  and  bring  it  again  in  contact  with  ^^"""v""^ 
the  lips,  and  a  very  sensible  increase  of  temperature  will 
be  perceived.  Allow  it  to  relax  to  its  former  state,  and 
the  temperature  will  be  perceived  immediately  to  sink.  If 
we  stretch  the  thong  again,  and  then  plunge  it  immedi- 
ately into  cold  water,  keeping  it  extended  for  a  minute  or 
more  in  the  liquid,  on  letting  go  one  end  it  will  be  found 
to  have  lost  much  of  its  contractile  power ;  for  it  will  not 
return  to  its  former  dimensions.  But  if  we  plunge  it  into 
warm  water,  or  warm  it  by  holding  it  for  some  time  in  the 
shut  hand,  it  will  begin  to  contract  again,  and  soon  return 
to  its  former  figure  and  size.  These  experiments  are  of 
great  importance,  as  they  furnish  a  very  palpable  and  con- 
vincing proof  that  ductility  is  owing  to  latent  heat  as  well 
as  fluidity.  They  afford  a  fine  illustration  of  Dr.  Black's 
theory  of  latent  heat.  We  see  clearly  that  the  elasticity  of 
caoutchouc  and  the  ductility  of  metals  are  different  cases  of 
one  and  the  same  thing. 

Caoutchouc  is  not  altered  by  exposure  to  the  air ;  it  is 
perfectly  insoluble  in  water :  but  if  boiled  for  some  time  its 
edges  become  somewhat  tranq)arent,  owing  undoubtedly 
to  the  water  carrying  off  the  soot;  and  so  soft,  that  when 
two  of  them  are  pressed  and  kept  together  for  some  tim^ 
they  adhere  as  closely  as  if  they  formed  one  piece.  By  this 
contrivance  pieces  of  caoutchouc  maybe  soldered  togetlier, 
and  thus  made  to  assume  whatever  shape  we  please.* 

Caoutchouc  is  insoluble  in  alcohol.     This  property  waa  Action  of  • 
discovert  very  early,  and  fully  confirmed  by  the  experi-  **^"**®'- 
ments  of  Mr.  Macquer.    The  alcohol,  however,  renders  it 
colourless. 

Caoutchouc  is  soluble  in  ether.  This  property  was  first  Ether, 
pointed  out  by  Macquer.  Berniard,  on  the  contrary,  found 
that  caoutchouc  was  scarcely  soluble  at  all  in  sulphuric 
ether,  which  was  the  ether  used  by  Macquer,  and  that  even 
nitric  ether  was  but  an  imperfect  solvent.  The  difference 
in  the  results  of  these  two  chemists  was  very  singular ;  both 
were  remarkable  for  their  accuracy,  and  both  were  too  well 
acquainted  with  the  subjea  to  be  easily  misled.   The  mattfr 

*  Givtmc,  Ann.  do  Chim.  xi.  163.    See  a  tnetbod  of  making  caout^ 
dxHic  tobes  hy  SBcans  of  thU  propertj^  Phil.  Mag.  xxiL  340. 
VOL.  IV.  N 
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Bdok  iv.^  was  first  cleared  op  by  Mr.  CiVallo.  He  fimnd  that  ether, 
when  newly  prepared,  seldom  or  nerer  dissolved  eaoutdboac 
dbmpletely ;  but  if  the  precaution  was  taken  to  wash  the 
ether  previously  in  water,  it  afterwards  dissolved  cAotitchouc 
with  facility.  Mr.  Grossart  tried  this  experiment,  and 
found  it  accurate.*  It  is  evident  from  this  that  these 
chemists  had  employed  ether  in  cUfierent  stsftet.  Thie  wash- 
ing of  ether  has  two  efiects.  It  deprives  it  df  a  little  alcohol 
with  which  it  is  often  impregnated,  and  it  adds  t6  it  about 
one-tenth  of  water,  which  remains  combined  with  it  AI* 
cohol  precipitates  the  caoutchouc  from  this  solution^ 

When  the  ether  is  evaporated,  the  caoutchouc  is  obtiuned 
unaltered.  Caoutchouc,  therefore,  dissolved  in  ether,  inay 
be  employed  to  make  instruments  of  difieroit  Iniids,  just 
*as  the  milky  juice  of  the  Jutt^ea  ;  but  this  method  wcnild.be 
a  great  deal  too  expensive  for  common  use* 

Oib.  Caoutchouc  is  soluble  in  volatile  oils ;  f  but,  in  gen^d^ 

when  these  oils  are  evaporated,  it  remans  somewlM  glutin- 
ous, and  therefore  is  scarcely  proper  for  those  uses  to  which, 
before  its  solution,  it  was  so  admirably  adapted. 

AlUiei.  It  is  said  by  Bemiard  to  be  insoluble  in  alkalies;  belt  I 
find  upon  trial  that  this  is  a  mistake.  I  was  led  to  make 
the  experiment  by  an  accident.  I  employed  a  caoutchouc 
bottle  fitted  with  a  stop-cock  in  the  usual  way  for  holding 
ammonical  gas.  The  gas  very  soon  disappeared,  though 
the  bottle  was  perfectly  ur-tight,  as  I  learned  by  plunging 
it  in  water.  This  induced  me  to  fill  It  repeatedly  with  gas. 
In  a  short  time  it  became  evident  that  the  gas  had  been  ab- 
sorbed by  the  bottle  itself.  It  became  soft  and  then  glutin- 
ous, and  never  recovered  its  elasticity.  I  then  tri^i  the 
alkalies  in  general,  and  found  that  they  were  all  capable  of 
producing  the  same  changes  on  caoutchouc,  and  even  of 
dissolving  it,  though  in  a  very  minute  proportion. 

Acidt.  The  acids  act  but  feebly  upon  caoutchouc.    Sulphuric 

acid,  even  after  a  very  long  digestion,  only  chars  it  super- 
ficially. The  proportion  of  charcoal  obtained  in  Mr. 
Hatchett's  experiments  was  only  12  per  cent,  and  he  could 
observe  no  traces  of  artificial  tannin.J  But  when  heat  is 
applied  the  caoutchouc  is  completely  decomposed.    When 


s 


^  Gfosaait,  Anii.  deChim.^i.  147.  +  Bernianl. 

t  Third  Series  of  Bxperimenls  on  Artificial  Tsnnin,  Pliii.lHas.  tWe. 
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t'reata]  with  nitric  acid,  there  came  over  azotic  gas,  car-    Chap.  i. 
bonic  acid  gas,  prussic  add  gas ;  and  oxalic  acid  is  said  to  ^"V"*^ 
be  formed.*     Muriatic  acid  docs  not  affect  it.t    The  other 
acids  have  not  been  tried. 

Fabroni  has  discovered  that  rectified  petrolemn  dissolves  Hat. 
it^  and  leaves  it  unaltered  when  evaporated.^ 

When  exposed  to  heat  it  readily  melts ;  but  it  never  after- 
wards recovers  its  properties,  but  continues  always  of  the 
consistence  of  tan  It  bums  very  readily  with  a  bright 
flame,  and  diffuses  a  fetid  odour.  In  those  countries  where 
it  is  produced,  it  is  oflen  used  by  way  of  caiidle. 

When  distilled  it  gives  out  ammonia.  $  It  is  evident  from 
this,  and  from  the  effect  of  sulphuric  and  nitric  acid  upon 
it,  that  it  is  composed  of  carbon,  hydrogen,  azotc^  and 
oxygen ;  but  the  manner  in  which  they  are  combined  is 
unknown* 

It  seems  to  exist  in  a  great  variety  of  plants ;  but  it  is  1^5"^^  ^^n- 
usually  confounded  with  the  other  ingredients.  It  may  be  ^^^^^  *** 
separated  from  resins  by  means  of  alcohol.  It  may  be 
extracted  from  the  difierent  species  of  missletoe  by  water, 
with  which,  in  the  fluid  state  in  which  it  exists  in  these 
plants,  it  readily  combines.  When  mixed  with  gum  or 
extractive,  it  may  be  separated  by  the  following  process : 
Digest  a  part  of  the  plant  containing  it  first  in  water  and 
then  in  alcohol,  till  all  the  substances  soluble  in  these  liquids 
are  extracted.  Dry  the  residuum,  and  digest  it  in  five 
times  its  weight  of  rectified  petroleum.  Express  the  liquid 
part  by  squeezing  the  substances  in  a  linen  cloth.  Let  this 
liquid  remain  several  days  to  settle,  then  decant  off  the 
clear  liquid  part,  mix  it  with  a  tliird  part  of  water  and  dis- 
til; the  caoutchouc  remains  bcliind.  || 

According  to  Bucholz,  opium  contains  a  considerable 
portion  of  caoutchouc.**  That  part  of  mastich  which  is 
insoluble  in  alcohol  possesses  the  properties  of  caoutchouc^ 
as  has  been  formerly  observed. 

•  Ana.  de  Chim.  xi.  832.  f  Bomiard. 

X  Ann.  4it  Chim.  li.  195;  and  zii.  156. 

S  Ami.  d«  Chim.  si.  SS8. 

I  Hermbstadt,  Med.  and  Phjs.  Jour.  iii.  578. 

^  Ann.  de  Cbim.  xxziv.  133. 
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ISO  IXGUEDIENTS  OV   PLANTS. 

Book  IV.  SECT.  XXXI. 

OF  COTTON. 

Cotton  is  a  soil  down  which  envelopes  the  seeds  of 
various  plants,  especially  the  different  species  of  gossyphiniy 
Origin.  from  which  the  cotton  of  commerce  is  procured.  These 
plaiits  are  Natives  of  warm  climates ;  grow  inld  in  Asia, 
Africa,  and  America,  within  the  tropics;  and  are  cultivated 
in  the  East  and  West  Indies.  The  finest  cotton,  according 
to  Mr.  Edwards,  is  distinguished  by  the  name  of  green  seed 
cottony  from  the  colour  of  its  seeds,*  and  is  perhaps  the 
produce  of  the  gossypium  hirsutum.  There  are  two  species 
€>f  it;  in  one  of  which  the  cotton  does  not  easily  part  from 
the  seeds.  But  the  cotton  plant  commonly  cultivated  is  a 
shrub,  of  which  Mr.  Edwards  enumerates  five  kinds; 
namely,  the  common  Jamaica^  the  Invum  bearded^  the  iuzt?- 
keen^  the  French  {gossypium  arhoreum^)  and  the  tidney  cot-* 
t(m.f  When  the  seeds  are  ripe,  the  pods  open  and  display 
the  c6ttot),  which  is  collected  and  separated  from  the  seeds 
by  means  of  rollers. 

Cotton,  when  spun  and  \i''oven  into  cloth,  furmishes  gar- 
ments to  a  very  considerable  portion  of  the  civilized  world. 
The  quantity  annually  brought,  into  this  country,  and  spun 
by  machinery,  is  not  less  than  20  millions  of  pounds ;  and 
the  number  of  individuals  employed  in  manufacturing  it 
cannot  be  less  than  700,000.  It  constitutes  therefore  one 
of  the  most  important  of  our  manufactures. 

Though  no  correct  chemical  investigation  of  the  proper- 
ties of  cotton  has  hitherto  been  made,  yet  as  its  obvious 
qualities  distinguish  it  sufiiciently  from  every  other  vegeta- 
ble substance,  we  must  consider  it  as  a  peculiar  vegetable 
principle;  and  I  have  introduced  it  here,  in  hopes  that 
some  person  or  other  will  be  induced  to  examine  its  nature 
in  detail.  The  following  are  tlie  particulars  at  present 
known. 

This  substance  is  in  threads  differing  in  length  and  in 
No  asperities  can  be  discover^  on  the  surface  of 


J  "™i*  the  fat  species  are  only  varietiet  of  the  gossypium  herba- 
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these  threads;  but  if  Lewenhoeck's  microscopical  observa-  ^Chap.L^ 
tions  are  to  be  trusted,  they  are  all  triangular,  and  have 
three  sharp  edges.     Cotton  differs  considerably  in  colour; 
but  when  bleached  it  becomes  of  a  fine  white. 

Cotton  is  tasteless  and  destitute  of  smell.  It  is  com- 
fdctely  insoluble  in  water,  alcohol,  ether,  and  oils,  and  in  all 
the  vegetable  acids. 

The  diluted  alkaline  leys  have  no  perceptible  action  on 
cotton;  but  when  very  strong  they  dissolve  it  if  assisted  by 
a  sufficient  degree  of  heat.  The  new  products  obtained  by 
this  solution  have  not  been  examined. 

Cotton  has  a  strong  affinity  for  some  of  the  earths,  espe- 
cially for  alumina.  Hence  this  substance  is  used  to  fix 
colours  on  cotton.  Tlie  cloth  is  steeped  in  a  solution  of 
alum  or  acetate  of  alumina,  and  afterwards  dyed. 

Several  of  the  metallic  oxides  also  combine  with  it  rea^ 
dily,  and  remain  united  with  much  obstinacy.  Oxide  of 
iron  is  one  of  the  most  remarkable.  When  cotton  is  dipped 
into  a  solution  of  iron  in  an  acid,  it  comes  out  yellow,  and 
the  iron  is  neither  separated  by  alkalies  nor  soap,  ifor  even 
by  acids,  unless  when  the  combination  is  quite  recent. 
The  colour  gradually  deepens  by  exposure  to  the  air,  owing 
no  doubt  to  the  oxidizement  of  the  iron,  unless  the  dolh  be 
steeped  in  an  aluminous  solution,  which  prevents  the  colour 
from  becoming  disagreeable,  probably  by  diluting  it.* 
Oxide  of  tin  also  combines  with  cotton,  and  is  frequently 
used  as  a  mordant. 

Cotton  combines  readily  with  tannin,  and  forms  a  yellow 
or  brown  compound.  Ha[ice  tlie  infusion  of  galls,  and  of 
other  astringent  substances,  is  oflen  used  as  a  mordant  for 
cotton. 

Nitric  acid  decomposes  cotton  when  assisted  with  heat, 
and  oxalic  acid  is  formed;  the  other  products  have  not  been 
examined.  Sulphuric  acid  likewise  chars  it.  Chlorine  gas 
Ueacfaes  it,  and  probably  alters  and  dissolves  it  when  ap- 
plied in  a  concentrated  state. 

Cotton  is  extremely  combustible,  and  burns  with  a  clear 
lively  flame.  The  ashes  left  behind,  according  to  Neumann, 
contain  some  potash.  When  distilled  it  yields  a  great  por- 
tion of  acidulous  water,  and  a  small  quantity  of  oil,  but  nq 
ommonia^^ 

*  Seo  ChapuQy  Ann.  de  Chiin.  xx?i.  966. 
+  Neumann's  Chem.  p.  430. 


IBS  IXGREDIEKTf  te  PLANTS. 

Book  IV.  SECT,  XXXII. 

OF  6UBER. 

This  name  has  been  introduced  into  dMDistiy  by  Foaiv 
croy,  to  denote  the  outer  bark  of  the  quereut  suber,  or  the 
common  cork ;  a  substance  which  possesses  properties  di& 
farent  from  all  other  vegetable  bodies. 

It  is  exceedingly  light,  soft,  and  elastic;  veiy  oombus- 
tible,  burning  with  a  bright  white  flame,  and  leaving  a  light 
black  bulky  charcoal ;  and  when  distilled  it  yields  a  little 
anunonja. 
Froperties.  When  digeited  in  water,  a  yellowish-coloured  solution  is 
obtained,  seemingly  containing  extractive^  as  nearly  the 
same  proportion  is  taken  up  by  alcohol.*  Sulphuric  acid 
readily  chars  it  Nitric  acid  gives  it  a  yellow  colour,  cor- 
rodes, dissolves,  and  decomposes  it;  converting  it  partly 
into  suberic  acid,  partly  into  a  substance  resembling  wax, 
partly  into  artificial  taniiin,  and  partly  into  a  kind  of  sterchy 
matter.f 

Fourcroy  supposes,  from  some  experiments  wbidi  be 
does  not  relate,  that  the  epidermis  of  all  trees  is  a  substance 
possciiscd  of  the  same  properties  with  cork ;  and  perhaps 
we  may  conclude  from  the  experiments  of  Link,  that  all 
vegetable  membrane  possesses  nearly  the  same  chemical 
characters.  At  least  it  agrees  with  cork  in  furnishing  sube- 
ric acid  when  treated  witli  nitric  acid.j: 


=fi 


SECT,  xxxiir. 

OF  MEDULLIK. 


This  is  a  name  given  by  Dr.  John  to  the  pith  of  the  sun7 
flower  [helianthus  anmais^)  the  syringa  vulgaris,  &c. 

According  to  him  it  i^  distinguished  by  the  following 
properties. 
Aopertiet.       I  •  It  is  insoluble  in  water,  ether,  alcohol;  and  oils. 


\ 


*  Neomttm^  Chemistry,  p.  428. 

t  Bouillon  La  Grange,  Ann.  de  Chim.  xxiii.  50. 

t  NicbolsoD'i  Jour.  %xnu  1^5. 


WOOD* 

3.  It  if  destitute  of  (aste  and  smell. 

5.  Iti  structure  ia  peculiari  beipg  full  of  pores. 

4*  It  is  spluble  in  nitric  acid ;  but  instead  of  forming 
foberic  acidL  as  is  the  case  with  suber,  it  furnishes  a  quao'* 
City  of  oxalic  acid.  i 

5.  When  distilled  it  furnishes  a  'considerable  quantity  of 
laramonia,  and  leaves  a  charcoal  haraig  a  metaUic  appeaf> 
anceaod  a  colour  sinular  to  that  of  bronze.* 


■r-'^^P 


SECT.  XXXIV. 
or  vgop. 

All  tree^  aind  most  other  plants,  contain  a  particular 
substance^  well  known  by  the  name  pf  wpodn  I!  a  piece 
of  wood  be  wiell  dried,  and  digested,  first  in  a  sufficient 
quantity  of  water  and  then  of  alcohol,  to  extract  from  it  all 
the  sub^tan^^  ^luble  in  theie  liquids,  there  remains  only 
behind  the  woody ^fihr^. 

This  9ubstaiice|  whijch  constitutes  the  basis  of  wood,  is 
composed  of  longitudinal  fibres,  easily  subdivided  into  a 
nun^t^er  of  smal^ef  ^bi^  I(  is  somewhat  transparent;  is 
perfectly  tasteless ;  has  no  ^mell ;  and  is  not  icdtered  by  ex- 
posure to  die  atmosphere. 

It  is  insoluble  in  ^ater  and  in  filcohpl.  The  fixed  alka-  Fropertfes, 
lies,  when  assisted  by  heat,  give  it  a  deep  brown  colour, 
render  it  soft,  and  decompose  it.  A  weak  alkaline  solution 
dissolves  it  without  alteration ;  and  it  may  be  thrown  down 
again  by  means  of  an  acid.  By  this  property  we  are  enabled 
to  separate  wood  from  most  of  the  other  vegetable  prin- 
ciplesi  as  few  of  them  are  soluble  in  weak  aikahne  leys. 

When  heated,  it  blackens  without  melting  or  firothing  Action  of 
up,  and  exhales  a  disagreeable  acrid  fume,  and  leaves  a  '^^t 
charcoal  which  retains  exacdy  the  form  of  the  original 
mass.     When  distilled  in  a  retort,  it  yields  an  acid  Uquor 
of  a  peculiar  taste  and  tunell,  distinguished  by  the  name  of 

and  formerly  considered  as  a  distinct  acid ; 


*  John's  Cbsmiscbe  TabeUen  dar  PfUozea  AaaiyiSB,  p.  9. 
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Book  IV.  but  Fourcroy  and  Vauquelin  aKcertained  that  it  is  merely 

^^*"v-^  the  acetic  acid  combined  with  an  empyreninatic  oiL* 

Of  nitric         By  nitric  add  Fourcroy  converted  the  reaidttiim  of  quin^ 

^^  quina,  which  does  not  seem  to  differ  from  the  woody  fibres 

into  oxalic  add ;  at  the  same  time  there  was  a  litde  dtric 

acid  formed,  and  a  very  small  quantity  of  malic  mud  ao^c 

adds*    Some  azotic  gas  also  was  disai^jaged. 

By  this  process  he  obtained  from  100  parts  of  woody  fibre 

Oxalic  add 56*250 

Citric  acid 3*905 

Malic  acid •  • O'SSS 

Acetic  acid •.••••..     0*'lr86 

Azotic  gas 0'867 

Carbonate  of  lime 8*SdO 

70-226 
Rcdduum S2-0S1 

102-257 

There  was  likewise  a  quantity  of  carbonic  add  gas  difr- 
engaged). the. weight  of  which  was  unknown.  This  increase 
of  weight  in  the  product  was  evidently  owing  to  thf  oi^gen 
derived  from  the  nitric  add«f 

When  this  residuum  was  distilled  in  a  retort,  100  parts 
'yielded  the  following  products : 

26*620  of  a  yellow  liquid,  containing  alcohol,  and  an 
acid  which  had  the  smell  of  pyromucous. 

6*977  of  concrete  oil,  mostly  soluble  in  alcohoL 
22-995  charcoal  \.     , 

S-567  carbonate  of  Ume/"'"*^^^^^ 

60159 

39*641  gas,  hal&carbonic  add,  half-carbureted  hydrogen. 

100*000 1 

*  Mollerat  has  socceaded  in  France  in  making  aoedc  add  fiom  wood 
as  pure  as  radical  rinegar.  It  answers  very  well  for  aromatic  rioegar, 
but  possesses  a  little  acrimonyy  which  makes  it  less  fit  for  the  table.  See 
Nicholson's  Jour.  zxiv.  70.  Vary  gpod  vinegar  from  wood  it  now  made 
both  in  London  and  Glasgow.  Animal  charcoal  is  probably  employed 
to  reniOTe  the  empyreumatic  oil. 

t  Ann.  de  Cbim.  Tiii.  165.  }  Ibid.  151. 
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Several  analyses  of  pure  woody  fibre  were  made  by  Gay-  ^  Chap.  L 
Lussae  and  Thenard,  by  burning  it  along  with  chlorate  of 
potash  and  ascertaining  the  products.     The  result  of  their  Constiui- 
experiments  gives  its  constituents  as  follows :  ^^ 

Oak.  Keech.  Meao. 

'     Oxygen 41-78   ....  42*78    ....  42-25 

Carbon 52*58   ....  51*45   ....  52*00 

Hydrogen ....    5*69   •  • .  •    5'82    ....     5*75 

tm^mm^mm^m  mt^tmrn^^m^mamm  ^■■■^^■■v^b* 

100-00  10000  lOO-OO* 

As  we  are  unacquainted  with  the  weight  of  an  integrant 
particle  of  woody  fibre,  it  is  impossible  fi^m  this  analysis  to 
deduce  the  number  of  atoms  of  which  it  is  composed.  But 
the  smallest  number  that  corresponds  with  the  analysis  is 
the  following: 

4  atoms  oxygen      =4        41-02 

7  atoms  carbon       =  5-25   58*86 

4  atoms  hydrogen  ss  0*5     5-12 

9*75  100-00 

Were  these  numbers  the  representation  of  the  true  con- 
stitution of  wood,  it  would  follow  that  it  might  yield  more 
than  half  its  wci^t  of  acetic  acid.  For  if  we  suppose  it 
deprived  of  1  atom  water  and  3  atoms  carbon,  the  residue 
would  be  acetic  acid. 

When  wood  is  burnt  with  a  smothered  flame^  it  leaves  as  Charcoal 
is  well  known,  a  quantity  of  charcoal  behind  it,  which  ex-  y*****«*  ^' 
hibits  the  exact  form,  and  even  the  different  layers  of  the 
original  wood.  As  it  is  the  wood  alone  which  undergoes 
this  change,  while  the  other  component  parts  of  the  plant 
are  dissipated,  we  may  form  seme  notion  of  the  relative 
proportion  of  wood  which  different  plants  contain,  by  the 
proportion  of  charcoal  which  they  yield.  Now,  the  quan- 
tity of  charcoal  yielded  by  TOO  of  different  trees  is,  accord- 
ing  to  the  experiments  of  Proust,  as  follows : 

Black  ash 0-25  Heart  of  oak  . .  0-19 

Guaiacum  ....  0*24  Wild  ash 0*17 

Pine 0-20  White  ash  ... .  0*17 

Green  oak  ....  0-20 

«  RcchtichnPhyncxHauiBiqiiti,  ii.  SM. 
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Book  IV.  Count  Roinford  by  oantinuing  a  very  modenta  firis  for 
96  hours  eonT«rted  diflbvent  kindt  of  irood  into  cbarcoalt 
md  obtained  a  much  gi^tsr  pvopoitioa  ef  cbargoal  than 
was  obtained  in  UM.pirrosding  «9(pariineiit«  of  FciHMt.  The 
following  table  exhibits  the  weight  of  charcoal  left  in  these 
experiment?  by  1*00  of  the  difi^rent  wpods  tried.* 

Poplar 0*4357  Maple  .....  0-4S23 

Lime  ......  0*4859  Ebn  ..••;..  0*4527 

VlT  .^^ 0-4^)8  Oak 0*4300 


SECT.  XXXV. 

OF   FUNGIK. 

This  is  a  name  given  by  Braconnot  to  the  fleshy  part  of 
mushrooip^  which  he  considers  fis  a  pcjcyliar  v^etable 
principle*  Jt  approaches  in  its  dieinical  characters  so 
closely  to  wispdy  fibre,  that  perhaps  it  would  be  better  to 
consider  it  merely  as  a  variety  of  that  substance.  Fpngin 
is  the  substance  which  remains  after  the  mushroom  has  been 
deprived  of  every  thing  soluble,  either  in  water  or  alcohol. 
It  is  distinguish^  by  the  following  properties. 

hopeities.  It  is  white,  soft,  and  insipid,  possesscft  but  little  elasticitr, 
and  divides  easily  betw^n  the  teeth.  In  this  state  it  con* 
stitutes  a  nourishing  article  of  food. 

It  is  insoluble  in  water,  alcohol,  ether,  Qnd  oils. 

Action  of  Alk^dies  have  but  little  action  on  fungin;  a  property 
****  which  distinguishes  it  from  woody  fibre  which  is  very  rea^ 
dily  dissolved  even  by  a  weak  alkaline  ley.  Yet  when 
boiled  in  a  concentrated  alkaline  ley  fungin  is  partly  dis- 
solved, and  a  ^ponaccous  liquid  is  obtained  from  which  the 
acids  throw  down  a  flocky  matter. 

Of  acids.  Ammonia  dissolves  a  little  of  it  when  digested  over  fungin 
and  on  exposure  to  the  air  allows  it  to  precipitate  again  in 
the  state  of  white  flocks. 

Diluted  sulphuric  acid  has  no  action  on  it ;  but  /concen- 
trated sulphuric  acid  chars  it  while  acetic  and  sulphurous 
adds  are  evolved. 


^ 


*  Qitt^ert'i  Aonalen  dtr  Pbytkk,  »lr.  35. 
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Mariatic  acid,  at  first,  seems  to  have  no  action  on  it.  Chap.  i. 
€ven  though  assisted  by  heat ;  but  it  gradually  dissolves  it 
and  converts  it  into  a  gelatinous  matter  soluble  in  water. 
Potash  dropped  into  the  solution  throws  down  the  fimgin, 
probably  altered  in  its  properties. 

Chlorine  gas  converts  it  into  a  yellow  matter  which  has 
an  acrid  taste  while  wet,  but  which  it  loses  ^hen  dried. 
This  yellow  substance  is  a  compound  of  fungin,  muriatic 
acid,  and  a  kind  of  adiporesinous  matter. 

Weak  nitric  acid  disengages  azote  from  it  When  dis- 
tilled with  six  times  its  weight  of  nitric  acid  it  becomes 
yellow,  swells  considerably,  and  effervesces  at  first  very 
much  ;  but  the  violent  action  soon  subsides.  Prussic  acid 
is  formed  by  this  process,  together  with  a  considerable 
quantity  of  oxalic  acid,  two  fatty  bodies  resembling  tallow 
4ind  wax  and  a  small  quantity  of  yellow-bitter  principle 
and  a  yellow  resinous  looking  subst^ce. 

When  put  into  infusion  of  nutgaUs  it  absorbs  the  greatest 
part  of  the  tannin  contained  in  that  liquid,  and  acquires  a 
fawn-colour. 

When  mixed  with  water  and  left  to  spontaneous  putri- 
fiiction  it  emits,  at  finitf  the  sn^ell  of  putrid  cheese;  but  this 
smell  soon  goes  off.  The  liquid  covering  it,  after  an  inter^ 
val  of  three  months,  was  neither  acid  nor  alkaline;  but 
held  in  solution  a  mucilaginous  matter.  Hxe  fungin  stiU 
retained  its  original  shape*  When  washed  it  is  easily  re^ 
duccd  to  a,pulp^  which  may  be  kneaded  between  the  fin- 
gers ;  but  has  not  the  elastic  consistence  of  gluten* 

Fungin  when  dry  bums  with  vivacity,  and  leaves  a  white 
ash  consisting  chicly  of  posphate  of  Ume. 

Thirty-eight  parts  being  distilled  yielded  8  parts  of  a 
brown  empyreumatic  oil,  and  ll-i^  parts  of  a  liquid  contain- 
ing an  excess  of  ammonia  and  holding  in  solution  acetate 
of  ammonia  mixed  with  oil.  The  charcoal  in  the  retort 
weighed  10  parts.*  When  fungin  was  distilled  by  Van* 
quelin,  the  liquid  which  he  obtained  contained  ammonia; 
but  it  reddened  vegetable  blues,  and  therefore  contained  an 
excess  of  acetic  acid  as  is  the  case  with  the  liquid  obtained 
from  the  distillation  of  wood.f 

*  Knocmnot,  Ann.  de  Chim.  luis*  267, 
t  Ann.  de  Chim.  Ixuv.  18. 


188  INGREDIENTS  OF   PLANTS. 

Book  IV.  SECT.   XXXVI. 

FOREIGN  81TB8TANCES  FOUND  IN  FlANTa. 

These  ore  sabstances  which  seem  rather  to  belong  to  the 
mineral  than  the  vegetable  kingdom ;  but  which  require  to 
be  enumerated  because  they  constantly  make  ibeir  appear- 
ance, though  but  in  small  quantity,  chiefly  in  the  vegetable 
juices.  These  substances  may  be  arranged  under  four 
heads;  namely,  acids,  alkalies j  earths j  and  metals. 

I.   ACIDS. 

The  mineral  acids  found  in  plants  are  usually  combined 
with  a  base  constituting  different  salts.  They  are  the  phos- 
phoric, silica,  sulphuric,  nitric,  muriatic,  and  carbonic  acids. 

Phosphoric.  1 .  Phosphoric  acid  has  been  found  in  difierent  plants, 
but  only  in  very  small  quantities :  it  is  almost  constantly 
combined  with  lime  or  potash,  thouj2:h  it  exists  free  in  the 
onion.  Meyer  found  it  in  the  leaves  of  many  trees ;  * 
'Tlniren  found  phosphate  of  lime  in  tlie  acomtus  napellus ;  f 
and  Bergman  found  it  in  all  kinds  of  grain.j:  Phosphate 
of  potash  exists  in  barley  and  other  species  of  com,  and 
has,  I  presume,  been  often  confounded  with  phosphate  of 
Iiroc.  . 

Siika.  2.  Silica  exists  in  many  plants,  particularly  in  grasses 

and  equisetums*  Sir  H*  Davy  has  ascertained  that  it 
forms  a  part  of  the  epidermis,  or  outermost  bark  of  these 
plants ;  and  that  in  some  of  them  almost  the  whole  epider- 
mis  is  silica. 

Vam  Silica* 

100  parts  of  the  epid.  of  bonnet  cane  yielded  • .  90 

bamboo  71 '^ 

-—  (arundo  phragm«)  common  reed  .••••••  48*1 

——*-*——-—* stalks  of  com 6'5 

The  concretions  which  are  sometimes  found  in  the  bam- 
boo  cane  called  tabashecr,  have  been  ascertained  by  Mr. 
Macie  to  be  composed  of  pure  8ilica.§ 

Any  attempt  to  enumerate  the  plants  in  which  traces  of 

*  Encyc.  Mcth.  Phisiol.  Vegct.  i.  100.         f  Ann.  de  Chim.  ii.  SOa. 

1  Bergman,  v.  96. 

§  Fourcroy  and  Vauqucl^n  Gxamioed  a  tabasheer  from  the  Andes,  and 
fiMnd  it  composed  of  70  silica  and  SO  potash.  Oehlen's  Jour.  Second 
Series,  ii.  119. 
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sulphuric^  muriatic,  nitric,  and  carbonic  adds  have' been  Chap.  i. 
found  would  be  superfluous.  It  may  be  sufficient  to  say 
that  common  salt  is  an  ingredient  in  almost  all  plants  that 
grow  in  the  sea,  and  in  many  that  vegetate  on  the  sea- 
shore; that  nitre  exists  in  sun-flower,  nitrate  of  soda  in 
barley,  and  sulphate  of  Ume  in  clover. 

II.      ALKALIES. 

The  only  alkalies  found  in  plants  are  potash  and  soda. 
Ammonia  may  indeed  be  obtained  by  distilling  many  vqj;e- 
table  substances,  but  it  is  produced  during  the  operation. 
One  or  other  of  these  alkalies  is  found  in  every  plant  which 
has  hitherto  been  examined.  The  quantity  indeed  is 
usually  very  smalL  From  the  experiments  of  Vauquelin,  it 
is  probable  that  the  alkaUes  are  combined  in  plants  with 
acetic  and  carbonic  acids. 

I.  Potash  is  found  in  almost  all  plants  which  grow  at  a  Potash, 
distance  from  the  sea.    It  may  be  extracted  by  burning  the    • 
vegetable,  washing  the  ashes  in  water,  filtrating  the  water, 
and  evaporating  it  to  dryness.    It  is  in  this  manner  that  all 
the  potash  of  commerce  is  procured. 

The  following  table  exhibits  the  quantity  of  ashes  and 
potash  which  may  be  extracted  from  100  parts  of  various 
plants: 

Ashes.  Potash. 

Sallow 2*8  ....  0-285* 

Elm 2-36727  .  • .  •  O'SQf 

Oak l'S5185  ....  0-15343 

Poplar 1*23476  ....  0-07481 

*  Those  marked  f  are  from  Kirwan,  Irish.  Trans,  v.  164.  The  rest 
from  Pertuis,  Ann.  de  Chim.  xix.  I78.  Tlie  following  table  by  Redi,  of 
die  ashes  and  salts  yielded  by  different  plants,  is  worth  inserting.  It  is 
printed  in  the  Phil.  Trans,  for  1698  (vol.  xx.  p.  S81.) 

.\Bhea.  Salti. 

Bniidt.  Vagetablev^  Un»  to,   dr.  ox.  dr. 

100  Of  drifed  flowers  of  oranges 4    6    0  . . . .     0    5 

800  Of  gourds  new  «;atliered,  which  dried  in 

the  oven  were  36  lbs 4    0    0  ....   10    0 

400  Red  onions  (being  7 SO)  roasted,  the  coals 

turned  to  16  lbs.  to  the  coals  new  added 

4  oz.  of  sulphur 1     6     0....     S     2 

150  Eyebright  fresh,  and  afterwards  stilled  and 

burnt 5    0    0....     4    0 

1^0 Distilled  roses « 4    0.    1  ....     0    0 

100  Of  maidenhair 9    0    0  ....     0    4 


IM 


tuoHtdncfrit  ot  ffLAinns. 

Hornbeam   1*1283 

Beech   0*58499 

Fir 0^198 

Vine  branches  ••••••..  8*879 

Conunon  nettle 10*67186 

Common  thistle  .•••..     4*04^65 

Fern 400781 

Cow  thistle 10*5 

Great  rivermsh 3*8i589S 

Feathered  rush 4*SSS9S 

Stalks  of  turkey  wheat  •  8*86 

Wormwood.. 9*744 

Fumitory 21*9 

Trifolium  pratense  •  • .  •      

Vetches 

Beans  with  their  stalks  • 


•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 
« •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  ■ 

•  •  ■  • 


•  •  •  • 

•  •  •  • 

•  •  •  • 


0*1 2£4 
0-14572 


0*58t 

2*5088 

0*58784 

0-6259 

1*96608 

0*7«iJ4 

0*50811 

l-75t 
7*9 

7-9t 
Ot)78t 

2*7St 
2*0  t 


N 


Poaadi.                               Vfgttablw.  Ibi. 

150  Roots  of  bladL  hellebore,  which  dried  came 

to  50  lbs 6 

150  Roots  of  wliite  hellebore,  fresh,  which  dried 

came  to  50  lbs 8 

96  Roots  dried  und  burnt  of  fresh  esuU 3 

so  Roots  of  liquorice  2 

20  Pellitory 1 

100  Green  endive  8 

90  Green  bindweed 1 

8000  Leaves  of  laurel SS 

500  Leaves  of  laurel 6 

1000  Water  melons  well  ripe,  the  seeds  being 

taken 85 

8400  Cucumbers 18 

300  Wood  of  ivy Q 

50  Scorzonera  dried 8 

dOO  Pine  apples,  the  nuts  taken  out 3 

150  Mugwort  dried 8 

ISO  Leaves  of  cjrprns  6 

10  Peel  of  pomegranates  dried 0 

3  Sassafras  0 

18  Lignum  sanctum 8 

4  Yellow  senders 0 

4  Black  pepper 0 

SO  Ginger  1 

18Turbith 1 

Wood  of  fir , 3 

Scop» 15 

ScojMB... •••..•.,.. 10 


dr.  Mi  dc» 


0    0  ....     1     0 


0 

0 

•  •  •  ■ 

4 

0 

0 

0 

•  •  ■  •' 

8 

0 

0 

0 

•  •  •  • 

1 

4 

0 

0 

•  •  •  • 

0 

6 

0 

0 

•  •  •  • 

8 

0 

0 

0 

•  •  •  • 

3 

O 

0 

4 

•  •  •  • 

0 

0 

c 

0 

•  •  ■ 

10 

0 

0 

1 

•  •  •  • 

9 

0 

0 

0 

•  •  a  • 

0 

0 

0 

0 

•  •  •  • 

0 

0 

0 

0 

•  •  •  • 

0 

0 

0 

0 

•  •  •  • 

0 

0 

0 

0 

•  •   •  • 

0 

0 

0 

0 

•  •  •  • 

0 

0 

8 

0 

•  •  ■  • 

0 

0 

0 

0 

■  •  •  • 

0 

0 

6 

0 

•  *  ■  • 

0 

0 

1 

4 

•  •  •  • 

0 

0 

8 

4 

•  •   •  • 

0 

0 

7 

0 

•  •  •  • 

0 

0 

0 

9 

•  •  •  • 

0 

0 

0 

0 

•  •  •  • 

3 

0 

0 

1 

•  •  •  • 

4 

0 

0 

1 

•  ••• 

0 
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In  genmd,  threfe  timcto  as  much  ashes  are  obtained  from  .  Chtp.  L 
shralM^  And  five  linM  as  much  from  herbs^  as  from  trees^  "^^y^mm/ 
Equal  Weights  tf  the  bmnches  of  tr^es  {>roduce  motie  ashM 
than  the  inihli^  and  the  leaves  more  dian  the  branches. 
Herbs  arrilivd  at  maturity  produce  ^ore  ashes  thata  at  aHy 
other  time.  Green  vegetables  produce  more  ashes  than  dry.* 

The  salt  which  is  obtam^  flrom  ^aiits  does  mat  consist 
wholly  of  potash,  there  are  other  salts  mixed  with  4l;  tkese 
usually  are  sulphate  of  potoshi  muriate  df  potttth,  sulphate 
of  lime^  phosphate  of  Ime^  ftCw ;  btft  these  bettrv  in  getteral, 
but  a  small  proportion  to  the  potash.  The  ashes  consist 
of  potash,  mixed  with  earths. 

Some  judgment  may  be  formed  of  the  quanti^  of  potash 
which  a  plant  contains,  from  the  quandty  of  ashes  which 
it  yields:  but  the  foregoing  table  is  sufficient  to  show  us, 
that  were  we  to  trust  to  that  we  should  often  be  misled. 

2.  Soda  is  found  in  almost  all  the  plants  which  grow  in  Soda. 
the  sea,  and  in  many  of  those  which  grow  on  the  shore.  In 
general,  the  quantity  of  soda  which  plants  contain  bears  a 
much  greater  proportion  to  their  weight  than  the  potash 
does  which  is  found  in  inland  vegetables.  One-hundred 
parts  of  the  salsola  sodoy  for  instance^  yield  19'921  of  ashes; 
and  these  contain  1*992  parts  of  soda;  some  of  which, 
however,  is  combined  with  muriatic  acid.t  The  plants  from 
which  the  greater  part  of  the  soda,  or  bctrilha  as  it  is  called, 
which  is  imported  from  Spain,  is  extracted,  are  the  std^ki 
sadva  and  v^rrtdculata. 

III.  EARTHS. 

The  only  earths  hitherto  found  in  plants  are  the  thMi 
following;  lime^  fhagnesia,  abimiruL 

1.  Lime  is  usually  the  most  abundant  of  the  earths  of  Unit, 
plants,  and  the  most  generally  diffused  over  the  vegetable 
kingdom.  IndeM  it  is  a  very  uncommon  thing  to  find  a 
plant  'entirely  destitute  of  lime :  salsola  soda  is  almost  the 
only  one  in  whick  we  know  for  certain  that  this  earth  does 
not  exist^j: 

vjL  jMagnesIa  does  not  exist  so  generally  in  the  vegetable  Ifagncsk. 

^  Aon.  Ub Chlm.  xiz.  174.  f  VaoqoeliD,  ibid,  zfiiliyt. 

X  Vawjatlio,  Ann.  dt  Chim.  xviii.  76. 
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Book  I  v..  kingdom  as  the  two  preceding  earths.  It  has  been  found, 
however,  in  considerable  quantities  in  several  sea  plants, 
eqpedally  fiici ;  *  but  the  saisola  soda  contains  a  greater 
proportion  of  magnesia  than  any  plant  hitherto  examined. 
Mr.  Vauquelin  found  that  100  parts  of  it  contained  17*929 
of  that  eaTth.f 

Aittmiiuu       3.  Alumina  has  only  been  found  in  very  small  quantities 
in  plants. 

The  following  table  will  show  the  quantity  of  these  four 
earths  which  exist  in  several  vegetables. 

100  parts  of  Oak  contain  of  earths  •  •  •  •  1*0S  t 

Beech <K59  § 

Fir Oi)0$i 

Turkey  wheat   7*1 1  § 

Sunflower 9*72  § 

Vine  branches   2*85  § 

Box    2-674  § 

Willow 2-515  § 

Elm 1*96  § 

Aspin  1*146  § 

Fern 3*221  B 

Wormwood 2*444  •• 

Fumitory  14*000** 

This  table  shows  us  that  the  quantity  of  earth  is  greater 
in  herbs  than  in  trees. 

Bergman  found  all  the  four  earths  in  every  kind  of  grain 
which  he  analysed. ft 

Vauquelin  found  that  100  parts  of  oat  grain  left  S-1591 
of  residuum.     This  residuum  is  composed  of 

Silica 60*7 

Phosphate  of  lime.  •  39*3 

100*0  tt 

When  the  whole  of  the  avefia  sativOj  however,  stalk  and 
seed  together,  is  burnt,  it  leaves  a  residuum  composed  of 

*  Vauquelin,  Ann.  de  Cbim*  xviii.  86,  and  ix.  94.         f  IlMd.  p.  78. 

I  Watton.  ^  Kirwani  Irish  Trans,  ill.  S5. 

II  Home  •*  Wiegleb.  ff  Ojpusc.  v.  94. 
i  X  Ann.  de  Cbim.  xxiz.  17. 
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Silica 55 

I^osphate  of  lime  • .  •  15 

Potash ..••  20 

Carbonate  of  lime  ...     5 


95  and  a  little  oxide  of  iron«  * 

Thii  shows  us  that  the  stalk  contains  several  substances 
not  to  be  found  in  the  grain. 

The  following  table  exhibits  the  quantity  of  earths  and 
metallic  oxides  in  grains,  obtained  by  Schrasder  from  52 
ounces  of  the  seeds  of  the  following  kinds  of  com ;  wheat 
{iriiicum  hybemum)f  rye  {secate  cereale\  barley  (hordewH 
vulgare\  oats  {avena  scttiva\  and  likewise  from  the  same 
quantity  of  rye  stfaw.t 


Wtae»t.(  Rye.     Btriej 


Silica 

Carbonate  of  lime  . . . 
Carbonate  of  magnesia 

Alumina 

Oxide  of  manganese  •  • 
Oxide  of  iron 


12-6 

lS-4 

0*6 

5-0 

2-5 


47-8 


15-6 
13-4^ 
U*2 

3-2 
0-9 


48-7 


66-7 

24-8 

25-S 

4-2 

6-7 

8-8 


Oits. 


131-5 


144-2 

33-75 

SS-9 

4-5 

ff-95 

4-5 


227-8 


Rye 

Straw. 


152 

46-2 

28-2 

3-2 

6'S 

2-4 


238-8 


Earths  in 
corn. 


Sanssure  junior,  in  his  Chemical  Researches  <m  Vegetation^ 
a  work  published  in  1804,  has  given  us  the  most  copious 
table  of  the  earthy  and  saline  constituents  of  vegetables 
which  has  yet  appeared.  This  table  is  the  more  valuably  < 
as  it  was  constructed  entirely  from  his  own  experiments. 
For  that  reason  I  shall  insert  it  in  this  place : 


*  Aoo.  de  Chtm.  xxit.  19. 


f  Oehlen's  Jour.  iii.  595. 
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66 
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r 
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1 

3 

1 
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1 
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aa 
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Ml 
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e 
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29 
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Book  IV.  put  into  water  it  swells  up  into  a  transparent  jelly,  wbich 
may  be  employed  to  paste  paper.  Soluble  in  water  acidu- 
lated with  nitric  acid.     Without  taste  or  smell. 

11.  IfUiUn.  A  white  powder.  Insoluble  in  cold  water. 
Soluble  in  boiling  water ;  but  precipitates  unaltered  after 
the  solution  cools,  Insoluble  in  alcohol.  Soluble  in  nitric 
acid,  and  yields  oxalic  acid. 

12.  Starch. — A  white  powder.  Taste  insipid.  Insoluble 
in  cold  water.  Soluble  in  hot.  Solution  opaque  and  gluti- 
nous. Precipitated  by  infusion  ofnutgalls;  precipitate  re- 
dissolved  by  a  heat  of  120^  Insoluble  in  alcohol.  Soluble 
in  dilute  nitric  acid,  arid  precipitated  by  alcohoL  Yields 
with  nitric  acid  oxalic  acid  and  a  waxy  matter. 

13.  Indigo. — A  blue  powder.  Taste  insipid.  Insoluble 
in  water,  alcohol,  ether.  Soluble  in  sulphuric  acid.  Soln^ 
ble  in  nitric  acid,  and  converted  into  bitter  principle  and 
artificial  tannin.     Volatilized  by  heat  in  a  purple  smoke. 

14.  Gluten. — Forms  a  ductile  elastic  mass  with  water. 
Partially  soluble  in  water ;  precipitated  by  infusion  of  nut- 
galls  and  chlorine.  Soluble  in  acetic  acid  and  mu- 
riatic acid.  Insoluble  in  alcohol.  By  fermentation  .  be- 
comes viscid  and  adhesive,  and  then  assumes  the  properties 
of  cheese.     Soluble  in  nitric  acid,  and  yields  oxalic  acid. 

15.  Pollenin, — Insoluble  in  water,  alcohol,  ether,  oils, 
and  petroleum.  Forms  a  brown  coloured  solution  in 
caustic  alkalies.  Burns  rapidly  when  thrown  into  the  flame 
of  a  candle.  Colour  yellow.  Not  altered  by  exposure  to 
the  air.     Destitute  of  taste  and  smell. 

16.  Fibiin, — Tasteless.  luholuble  in  water  and  alcohoL 
Soluble  in  diluted  alkalies  and  in  nitric  acid.  Soon  pu- 
trifies. 

17.  Fixed  oils. — No  smell.  Insoluble  in  water,  alcohol. 
Form  6oa[>s  with  alkalies.  Coagulated  by  earthy  and  me- 
tallic salts. 

18.  If^QX. — Insoluble  in  water.  Soluble  in  alcohol,  ether, 
oils.     Forms  soaps  with  alkalies.     Fusible. 

19.  Folafile  oil, — Strong  smell.  Insoluble  in  water; 
soluble  in  alcohol.  Liquid.  Volatile.  Oily.  By  nitric 
acid  inflamed,  and  converted  into  resinous  substances. 

20.  Camphor. — Strong  odour.  Crystallizes.  Insoluble 
in  water ;  soluble  in  alcohol,  oils,  acids ;  insoluble  in  alka- 
lies. Burns  with  a  clear  flame,  and  volatilizes  before  melting* 
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51.   Bird4ime, — Viscid.     Taste  insipid.     Insoluble  in   Chip,  l.^ 
water.    Partially  soluble  in  alcohol.  Very  soluble  in  ether; 
solntion  green. 

22.  Resins, — Solid.  Melt  when  heated.  Insoluble  in 
water.  Soluble  in  alcohol,  ether,  and  alkalies.  Soluble  in 
acetic  acid.  By  nitric  acid  converted  into  artificial  tannin. 

23.  Guaiaaim. — Possesses  the  characters  of  resins,  but 
dissolves  in  nitric  acid,  and  yields  oxalic  acid  and  no 
tannin. 

24.  Balsams, — Possess  the  characters  of  the  resins,  bat 
have  a  strong  smell ;  when  heated,  benzoic  acid  sublimes. 
It  sublimes  also  when  they  are  dissolved  in  sulphuric  acid. 
By  nitric  acid  converted  into  artificial  tannin. 

25.  CaoutcJwuc. — ^Very  elastic.  Insoluble  in  water  and 
fllcohoL  When  steeped  in  ether,  reduced  to  a  pulp  which 
xidheres  to  every  thing.  Fusible  and  remains  liquid.  Very 
combustible. 

26.  Gt/m  resins. — Form  milky  solutions  with  water, 
transparent  with  alcohol.  Soluble  in  alkalies.  With  nitric 
acid  converted  into  tannin.  Strong  smell,  brittle,  opaque^ 
infusible. 

27.  Cotton, — Composed  of  fibres.  Tasteless.  Very  com- 
bustible. Insoluble  in  water,  alcohol,  and  ether.  Soluble 
in  alkalies.     Yields  oxalic  acid  to  nitric  acid. 

28.  Siiber. — Bums  bright  and  swells.  Converted  by 
nitric  acid  into  suberic  acid  and  wax.  Partially  soluble  in 
water  and  alcohol. 

29.  lyood. — Composed  of  fibres.  Tasteless,  Insoluble 
in  water  and  alcohol.  Soluble  in  weak  alkaline  ley.  Pre- 
cipitated by  acids.  Leaves  much  charcoal  when  distilled  in 
a  red  heat.     Soluble  in  nitric  acid,  and  yields  oxalic  acid. 

SO.  MedulUn. — Insoluble  in  water,  alcohol,  ether,  and 
oils.  Destitute  of  taste  and  smell.  Structure  porous.  So- 
luble in  nitric  acid,  and  forms  oxalic  acid,  but  no  suberic 
acid.  When  distilled  it  yields  ammonia,  and  leaves  a  char- 
coal having  a  metallic  lustre. 

31.  Fun  gin. — Insoluble  in  water,  alcohol,  and  ether. 
Partially  soluble  in  a  strong  boiling  alkaline  ley  Soluble 
in  hot  muriatic  acid,  and  forming  a  gelatinous  matter. 
When  distilled  it  yields  ammonia. 

But  these  are  not  the  only  substances  which  occur  in  the 
TCgetable  kingdom.    It  cannot  be  doubted  thitt  there  are 
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Book  ]V.^  veveral  others  easily  recognized  by  their  peculiar  proptfties 
in  certain  vegetable  bodies ;  tlioi^  chemists  have  not  yet 
succeeded  in  obtiiining  them  in  a  separate  state)  and  in 
ascertaining  their  characters  with  precision.  It  was  this 
deficiency  of  precise  information  that  induced  me  to  dmit 
them ;  for  nodiing  can  be  more  hazardoos  than  to  swell  the 
list  of  vegetable  constitnents,  by  introducing  supposed  sub- 
stances from  vague  analc^pcs  and  imperfect  esperiments. 
Acrid  prin-  There  are  many  vegetable  substances  remarkable  for  a 
^''  peculiar  acrid  property.  Most  of  the  fammcttU,  the  poly^ 
gomtm  hydrofnper^  mustardy  &c  are  weD  known  instances. 
In  some  of  these,  the  acridity  disappears  on  drying,  while 
in  others,  as  musiardj  it  remains.  In  some^  as  the  ranun* 
cnli,  the  acrid  portion  is  taken  up  by  water ;  while  in  mus- 
tard water  dissolves  only  a  very  small  part,  and  aoqaires 
the  taste  of  garlic.  This  acrid  property  certainly  depends 
upon  the  presence  of  some  principle  or  principles  with 
which  we  arc  unacquainted. 

We  are  equally  ignorant  of  the  natnre  of  the  peculhur 
fiquid  to  which  the  leaves  of  the  common  nettle  owe  their 
property  of  irritating  the  skin.  We  do  not  know  the  sub- 
stance which  gives  the  alliaceous  tribe  their  peculiar  taste 
and  smell;  a  substance  amanngly  penetrating,  but  which 
is  destroyed  or  dissipated  by  the  heat  of  boiling  water.  We 
know  little  of  the  poisonous  juices  with  which  many  vege- 
tables are  611ed.  Indeed  the  only  vegetable  poison  with 
which  we  can  say  we  are  acquainted  is  pnissic  acid*  These 
are  but  a  small  number  of  instances,  but  abundance  of 
others  will  occur  to  every  reader.  Indeed  whole  regions 
of  the  vegetable  kingdom  remain  still  imexplored.  Muck 
curious  information  may  be  expected  from  the  analysis  of 
ihefungi^  and  other  kindred  plants ;  from  the  analyses  of 
the  alg(:e^  and  of  the  Uckem. 
Vegetable  Indeed  the  state  of  the  chemical  analysis  of  v^etaUeft  is 
inpcrfcct.  *^^'  ^'^T^  imperfect.  No  general  ndes  have  yet  been  laid 
down ;  no  successful  method  has  yet  been  ascertained.  In 
every  particular  case  the  analyst  must  follow  his  own  judg- 
ment, and  be  guided  by  his  own  experience.  Thus  every 
one  is  obliged,  in  some  measure,  to  invent  a  method  fisr 
himself,  and  to  create  the  whole  as  it  were  anew.  Thus 
much  time  is  wasted  before  the  chemist  is  upon  a  levd  witli 
his  predecessors :  and  every  one  striking,  as  it  were^  from 
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the  same  point,  the  progress  is  much  slower  than  it  other-   Chaip.  i. 
wise  woaU  be.  v— ^^,«^ 

The  older  chemists  confined  their  analysis  entirely  to 
dastmctive  distillation.  By  this  process  they  obtaioed 
nearly  the  same  products  from*  every  vegetable.  For  every 
plant  when  distilled  yields  water,  oil,  acid,  and  carbureted 
hydrogen  and  carbonic  acid  gas;  while  a  residuum  of  char- 
coal  remains  in  the  retort.  For  the  first  introduction  of 
solvents  we  are  indebted  to  the  apothecaries.  The  experi-  improve 
ments  of  Boerhaave  and  Neumann  were  doubtless  of  value;  ^^ 
but  it  was  Ronellc  who  first  made  the  great  step  in  veget- 
able analysis,  by  pointing  out  the  uses  of  various  solvents 
to  separate  the  difiPerent  constituents  of  vegetables  fi-om 
each  other.  He  was  the  first  that  attempted  a  precise  de- 
scription of  the  vegetable  principles,  and  that  gave  marks 
by  which  their  presence  might  be  ascertained.  The  next 
great  step  was  made  by  Scheele^  who  detected  tlie  diilbrent 
acids  of  vegetables,  ascertained  their  properties,  and  pointed 
out  the  method  of  separating  them  from  those  vegetable 
substances  into  which  they  enter  as  constituents.  The  ex- 
periments of  some  of  the  German  chemists,  especially  of 
Hermbstadt,  added  considerably  to  the  discoveries  of  Rouelle 
and  Scheele,  and  made  us  better  acquainted  with  some  of 
the  constituenu  of  vegetables.  But  of  all  the  modern  che- 
mists none  is  entitled  to  greater  praise  than  Vauquelin. 
His  analyses  have  been  numerous,  and  his  discoveries  im- 
portant He  has  introduced  into  the  subject  that  pre- 
cision which  distinguishes  all  his  researches,  and  his  method 
has  been  followed  by  all  the  other  French  chemists.  Four- 
croy  has  been  often  associated  with  Vauquelin,  and  hit 
analysis  of  the  quinquina,  which  he  published  alone,  ia 
entitled  to  considerable  praise.  Proust  has  turned  his  atten- 
tion to  the  same  subject,  and  has  favoured  the  world  with 
very  instructive  papers.  Till  lately  the  analysis  of  vegetable 
sulMtances  was  almost  entirely  overlooked  by  British  che- 
mistB ;  but  the  fineness  of  the  field  has  now  began  to  attract 
their  attention.  Ea^perimcnts  of  great  importance  have 
been  published  by  Davy,  Chenevix,  &c.  and  above  all  by 
Hatdiett,  to  whom  vegetable  chemistry  lies  under  deep 
obligations ;  and  we  may  expect  still  more  important  in- 
farmatiaii  from  the  zeal  and  skill  of  those  enlightened  phi* 
losophers.    A,  few  years  will  probably  change  the  wppear" 
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Book  IV.  ance  of  this  branch  of  chemistry  almost  entirely,  and  bring 
^""V"^  it  nearer  to  the  state  which  the  chemistry  of  minerals  has 
already  acquired. 

Thus  we  have  examined  all  the  substances  which  have 
been  hitherto  examined  from  vegetables.  By  analysing 
each  of  them»  or  by  exposing  them  repeatedly  to  destruc- 
tive distillation,  combustion,  &c.  we  come  at  last  to  those 
bodies  which  we  are  at  present  oUiged  to  consider  as 
simple,  because  they  have  not  yet  been  decompounded, 
and  of  which  accordingly  we  must  suppose  that  vegetables 
are  ultimately  composed.     These  amount  to  15,  namely, 

Sabstances  1.  Oxygen.  9.  Iron. 

Jj^^;**  2.  Sulphur.  10.  Manganese. 

a.  Phosphorus.  11.  Pota^. 

4.  Carbon.  12.  Soda. 

5.  Hydrogen.  13.  Lime. 

6.  Azote.  14.  Magnesia. 

7.  Muriatic  acid.  15.  Alumina. 

8.  Silica. 

But  of  these  substances  there  ai*e  twelve  which  compose 
but  a  very  small  proportion  indeed  of  vegetables.  Almost 
the  whole  of  vegetable  substances  are  composed  of  four  in- 
gredients, namely, 

Carbon.  Oxygen. 

Hydrogen,  Azote. 

Of  these  the  last,  namely  azote,  forms  but  a  small  propor- 
tion even  of  those  vegetable  substances  of  which  it  is  a 
constituent  part,  while  into  many  it  does  not  enter  at  all : 
so  that,  upon  the  whole,  by  far  the  greater  part  of  vege- 
table substances  is  composed  of  carbon,  hydrogen,  and 
oxygen.  I  do  not  mention  caloric  and  light ;  concerning 
the  nature  of  which  too  litde  is  known  to  enable  us  to  de- 
termine with  certainty  into  what  substances  they  enter. 

The  substances  at  present  known  to  chemists,  which 
they  have  not  been  hitherto  able  to  decompose,  amount 
(omitting  caloric  and  light)  to  49.  Fifteen  of  these  exist 
in  plants;  the  rest  belong  exclusively  to  the  mineral  king- 
dom :  for  it  is  a  fact,  that  no  substance  (I  mean  simple  sub- 
stance) has  been  hitherto  found  in  the  animal  kingdom 
which  does  not  exist  also  in  vegetables. 
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On  the  contrary,  all  the  simple  substances  at  present  Chap.  IL 
known  may  b6  found  in  minerals.  This  indeed  ought  not 
to  surprise  us,  if  we  recollect  that  the  spoils  of  animals  and 
Tegetables,  after  they  have  undergone  decomposition,  are 
ultimately  ocmfounded  with  minerals,  and  consequently 
arranged  under  the  mineral  kingdom.  Besides^  if  vegeta- 
bles draw  their  food  from  the  mineral  kingdom,  it  would 
be  absurd  to  suppose  that  they  contain  substances  whieh 
they  could  not  have  procured  from  minerals. 

Only  eight  of  these  principles  (omitting  tlie  acids)  have 
been  analysed  with  sufficient  precision  to  give  us  an  idea  of 
the  number  of  atoms  of  which  they  are  comi>o5ed.  The 
following  table  exhibits  the  number  of  atoms  of  oxygen, 
carbon,  and  hydrogen,  which  enter  into  the  composition 
of  these  eight  bodies : 


Atoms  of 
Oxygen.    Carlx>n.    Hydrogen. 

AVOSIll    •     «■••••••       ^a...       JO.a..       I  *i  m  •    m 

Vi'Opai    •      «•..••••       ^•••»       l"a**a       10..8 

Woody  fibre  .aa.4....  7....  4a. a 

Starch  sugar  a.».5a...  5. ..a  5. .a 

Common  sugar  ..5a...  Ga...  5... 

Gum  arable  ....6.,..  6....  6... 

Starch 9   a   a    .   a       10   a    .    a    .       10  a   .    a 


=  39  atoms 
=  SO 
=  39 
=  15 
=  15 
=  16 
=  18 
=  29 


From  this  table  it  appears  that  the  composition  of  all  of 
tliem  is  very  complicated.  We  have  no  conception  at  pro- 
sent  in  what  way  these  atoms  arc  united  together.  Most 
probably  they  are  first  grouped  together  in  binary  or  ter- 
nary compounds,  and  a  certam  number  of  these  primary 
groups  go  to  the  composition  of  the  vegetable  principle. 
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OF  THE   PARTS   OF   PLANTSa 


We  have,  in  the  preceding  Chapter,  enumerated  and 
described  the  different  substances  hitherto  detected  in  plants. 
But  a  more  difficult  task  remains  for  the  present  Chapter ; 
iuunely,  to:explain  the  composition  of  each  vegetable  organ 
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Book  IV.  in  all  Ibe  numerous  families  of  plants  whidi  omsdtute  tbe 
y^^taUe  kingdom.  This  task,  indeed,  in  die  present  state 
of  vegetable  chemistry,  cannot  be  fiilfilled.  By  fiur  the 
greater  number  of  plants  have  never  been  examined  at  all ; 
and  even  a(  tliose  which,  from  their  medicinal  virtues  or 
nutritive  qualities,  have  attracted  the  attention  of  diemislB, 
only  particular  organs  have  been  analysed,  while  the  rest 
have  been  neglected  as  unworthy  of  nocbe*  Nothing 
therefore,  either  resembling  a  complete  view,  er  an  exact 
arrangem^it,  is  to  be  looked  for  in  this  Ch^iier.  I  shall 
satisfy  myself  with  stating  the  most  impertant  fiKta  hitherto 
discovered  respecting  the  composition  of  pltfita,  as  fiur  as 
I  am  acquainted  with  them,  under  the  fiftetn  klOowiDg 
heads: 

1.  Sap.  9.  Seeds, 

2.  Juices.  10.  Fruits. 

3.  Air.  11.  Bulbs. 

4.  Wood  and  roots.  12.  Lichens. 

5.  Bark.  13.  Mushrooms. 

6.  Leaves.  14.  Fuci. 

7.  Flowers.  15.  Diseases* 

8.  Pollen. 

These  form  the  subjects  of  the  following  Sections* 


SECT.  L 


OF  THE   SAP  OF  PLANTS. 


jMnition.  It  is  the  general  opinion  of  physiologists^  that  plants 
receive  a  considerable  part  of  their  nourishment  by  the 
root ;  that  it  enters  into  them  in  a  liquid  states  and  passes 
up  in  proper  vessels  towards  the  leaves.  This  liquid  is  dis* 
tinguished  by  the  name  of  sap.  In  the  sprinj^  when  the 
buds  begin  to  expand  themselves  into  leaves,  if  we  break 
off  the  extremity  of  a  branch,  or  cut  into  the  wood  of  a 
tree,  this  sap  flows  out,  and  may  be  obtained  in  oonsider- 
aUe  quantities.  It  was  first  examined  by  Dr.  Hales;  but 
chemical  analysis  bad  not  made  sufficient  progress  in  his 
Ume  to  enable  him  to  ascertain  its  constitueota.    Dey^uL 
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«nd  Vaaqfiielin  liave  more  recently  analysed  the  sap  of  dif-  dap.  )i. 
ferent  trees.  To  them  we  are  indebted  for  most  of  the  ^^*"%^-*^ 
facts  IcRowR  respecting  this  liquid. 

The  aap  in  all  the  vegetables  hitherto  examined  is  nearly 
ns  liquid  as  water.  It  always  contains  an  acid,  sometimes  Conititu- 
free,  but  more  commonly  combined  with  lime  end  potash.  ^^* 
Various  vegetable  principles  are  also  present:  of  these  sugar 
is  the  most  remarkable,  and  mucilage.  Sometimes  albumen 
and  gluten^  and  sometimes  tannin,  can  be  detected.  When 
left  to  itself  the  sap  soon  effervesces  and  becomes  sour ;  or 
teven  vinous,  when  t)ic  proportion  of  sugar  is  aonsiderable. 

Hitherto  the  sap  of  a  few  species  of  trees  only  has  been 
examined.  We  arc  not  in  possession  of  any  means  of  coi- 
Iccting  the  sap  of  the  inferior  orders  of  plants.  The  ex- 
pressed juices  of  a  considerable  number  of  vegetables,  in- 
deed, have  been  prepared  for  medicinal  purposes;  but  these 
are  not  sap,  but  a  collection  of  all  the  liquid  substances 
fv-hich  the  plant  contained.  At  present,  then,  it  is  not  pos- 
sible to  present  a  general  view  of  the  properties  of  sap. 
The  following  are  the  particular  species  which  have  been 

examined. 

1.  Sap  (f  the  Eim,  uhnus  tampestris. 

Vauqnelin  collected  three  different  specimens  of  the  sap 
of  this  tree ;  the  first  portion  towards  the  end  of  April,  the 
second  in  the  beginning  of  May,  and  the  third  about  the 
end  of  May.  It  had  a  reddish  brown  colour ;  it  taste  was  Propcitict. 
sweet  and  mucilaginous ;  and  it  scarcely  altered  the  colour 
of  the  iniiision  of  litmus.  Ammonia,  barytes,  and  lime 
T^'ater  throw  down  a  copious  yellow-coloured  precipitate, 
which  dissolves  with  efibrvescence  in  acids.  Oxalic  acid 
and  the  nitrate  ef  silver  throw  down  a  white  precipitate. 
Diluted  sulphuric  acid  occasions  a  brisk  effervescence, 
and  disengages  the  odour  of  acetic  acid.  Chlorine  de- 
stroys the  colour  of  the  sap,  and  throws  down  a  browA 
precipitate.  Alcohol  produces  a  flaky  precipitate.  When 
cfVaporated  by  a  gentle  heat,  a  pellicle  forms  on  the  surface; 
brown  flakes  precipitate,  and  an  earthy  matter  is  deposited 
on  the  sides  of  the  vessel.  The  earthy  matter  was  a  mix- 
ture of  carbonate  of  lime  and  vegetable  substance.  The 
liquid,  after  dq)ositiDg  these  bodies,  and  being  evaporated 
to  -j^^ths  of  its  original  bulk,  contained  a  considerable  por- 
tion ft  acetate  of  potash. 

VOL.    IV.  P 
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Book  IV.      1059  parts  of  this  sap  were  composed,  according  to  Vaii- 
^"^^v^^  quelin's  analysis,  of 

Constitu-                Water  and  volatile  matter 1 027*904 

~"*                      Acetate  of  potash 9-2*0 

Vegetable  matter 1*060 

Carbonate  of  lime. 0*796 

The  vegetable  matter  was  partly  extractive  and  partly  mu- 
cilaginous.* 
Changes  of  On  analysing  the  same  sap  somewhat  later  in  the  season^ 
^ttfiom  Mr.  Vauquelin  found  the  quantity  of  vq;etable  matter  a 
little  increased,  and  that  of  the  carbonate  of  lime  and 
acetate  of  potash  diminished.  Still  later  in  the  season  the 
vqjetable  matter  was  fiirther  increased,  and  the  other  two 
ingredients  fiuther  diminished.  The  carbonate  of  lime  was 
held  in  solution  by  carbonic  acid,  of  which  there  existed  a 
considerable  excess  in  the  sap.  It  is  to  this  acid  gas  that 
the  air  bubbles,  which  so  often  accompany  the  sap  as  it 
issues  from  the  tree,  is  owing.t 

•  

2.*  Sap  of  ilie  Beech,  fagus  sylvatica, 

Vauquelin  collected  two  difFcrent  specimens  of  this  sap ; 
the  first  in  the  end  of  ]\Iarch,  the  second  about  the  end  of 
Properticf,  April.  It  had  a  reddish  brown  colour,  and  a  taste  similar 
to  the  infusion  of  tiin.  It  slightly  reddened  vegetable  blues. 
Barytes,  ammonia,  carbonate  of  potash,  and  oxalate  of 
ammonia,  occasion  precipitates  in  it;  chlorine  throws 
down  yellow  flakes;  sulphuric  acid  blackens  it,  and  dis- 
engages the  odour  of  acetic  acid;  sulphate  of  iron  strikes 
a  black,  and  glue  throws  down  a  copious  whitish  precipi- 
tate. When  gently  evaporated  to  dryness,  it  leaves  a  brown 
extract  amounting  to  about  ^4-g.  of  its  weight,  ductile  while 
hot,  but  brittle  when  cold,  and  having  the  smell  and  some- 
what of  the  taste  of  new  baked  bread.  It  absorbs  moisture 
from  the  atmosphere,  and  increases  in  weight  about  -fth. 
Lime  disengages  ammonia,  and  sulphuric  acid  acetic  acid, 
from  this  extract.  Alcoliol  dissolves  only  a  small  part  of 
it.    This  sap  contained  the  following  ingredients: 

Coniiitu^  Water. 

Acetate  of  lime  with  excess  of  acid. 

•  Aun.  de  Chim.  xxxi.  20.        f  See  Coulomb,  Jour,  de  Phys,  xlix.  391. 
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Acetate  of  potash. 

Gallic  acid. 

Tannin. 

A  mucous  and  extracUve  matter. 

Acetate  of  alumina. 

It  contained,  besides,  a  colouring  matter,  which  may  be 
fixed  on  cotton  and  linen  by  means  of  alum,  and  dyes  diem 
of  a  fine  solid  reddish  brown  colour.* 

3.  Sap  of  the  Hornbeam,  carpinus  sylvestris.f 

Three  specimens  of  this  sap  were  collected  by  Vauquelin 
daring  the  months  of  March  and  April.  It  was  limpid.  Properties. 
and  its  colour  was  whitish;  its  taste  ilighdy  sweet,  and  its 
smell  analogous  to  that  of  whey.  Barytes  throws  down 
firom  it  a  copious  white  precipitate,  soluble  in  muriatic  acid. 
Carbonate  of  potash  likewise  throws  down  a  precipitate^ 
soluble  in  acids  with  efiervescence.  Sulphuric  acid  deepens 
the  colour,  and  evolves  the  odour  of  vin^ar.  Oxalic  add 
throws  down  a  copious  precipitate^  and  nitrate  of  silver 
gives  the  soludon  a  fine  red  colour.  3918  parts,  when 
distilled,  left  an  extract  of  a  reddish  yellow  colour,  amount- 
ing to  8*279  parts.  It  had  a  sharp  taste,  and  attracted  hu* 
xnidi^  bom  the  air. 

When  the  extract  is  digested  in  alcohol,  about  the  half 
of  it  dissolves.  This  portion  consists  of  extractive,  a  sac- 
charine matter,  and  acetate  of  potash.  The  residue^  which 
is  soluble  in  water,  consists  of  mucilaginous  matter,  acetate 
of  lime^  and  a  colouring  substance. 

When  this  sap  was  left  exposed  to  the  air  in  an  open  Action  of 
glass  vessel,  it  became  milky,  disengaged  carbonic  acid,^^^'* 
acquired  a  spirituous  smell  and  taste,  and  its  acidity  in- 
craued.  After  some  weeks  this  odour  was  dissipated,  and 
carbonic  acid  was  no  longer  extricated.  Its  acidity  con- 
tinued still  to  increase,  white  flakes  fell  to  the  bottom,  and 
the  liquid  became  transparent.  After  50  days  the  acidity 
was  found  dimimshed,  a  mucous  pellicle  formed  on  the 
sorfiEu^e^  which  became  at  last  blackish  brown,  and  the  li- 
quid had  only  a  mouldy  taste.    In  a  close  botde  the  sap 

«  Ann.  de  Chim.  xxxi,  S6. 
t  I  pref ttiiM  iht  carpinus  betultts  ii  meant. 
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Book  IV.  never  became  transparent ;  and  when  the  bdttte  was  opened 
^""V"*^  after  three  months,  the  air  which  it  conlldAed  was  found 

converted  into  azote  and  carbonic  acid.    TBe  Uquid  had  a 

very  strong  taste  of  vin^;an* 

4.  Sap  of  ike  Birchy  betulus  alba. 

Propertia.  The  sitp  df  this  tree  is  colourless ;  it  has  a  Sweet  taste  { 
reddens  v^tablc  bluc&  Neither  ammoliia,  ahsohol,  ndr 
chlorine,  produce  any  change  upon  it  Baiytes  and 
lime  throw  down  a  precipitate  whidh  dissbltes  in  mu- 
rine acfd.  Hydrosulphurets,  sidphite  of  irea^  and  g^ue, 
produce  no  effect  Oxalic  acid  thr6ws  down  a  white  pre- 
cipitate. Sulphuric  acid  disengages  the  odour  6[  vincj^- 
Nitnte  of  silver  strikes  a  red  c^our.  When  eva)porated  to 
about  ^th)  it  lets  fall  a  reddish  brown  powdef  iofiolaUe  iii 
water.  When  3918  parts  of  the  sap  w«re  icvaponted  to 
dryaess,  they  left  34  parts  oi  brown  extract.  TUs  had  bit 
agreeable  taste^  attracted  moisture  frMi  the  atmesiAer^ 

Fermented,  and  waa  almost  completely  soluble  in  alcohol.  When  tiiis 
extract  is  dissolved  in  water  and  mixed  with  yesl^  it  fer- 
ments, and  the  fenodented  liquor  yidds  a  ooBsidetable  {no- 
portion  of  alcohol ;  it  yields  dsld  a  considerable  portion  of 
vinegar.  Vauquclin  did  not  succeed  in  his  attempts  to  ob- 
tain crystallised  sugar  from  this  sap ;  but  he  asoertlrfiled 
that  it  contained  a  portion  of  extractive  which  dyes  wool  of 
a  brownish  yellow  colour.  Acetate  of  lime  and  of  alulnina 
were  also  present,  and  probably  also  acetate  of  potash.^ 

5.     Sap  oftlie  Yoke  Elm, 

l^roperfies.  This  sap  has  a  bitter  taste.  When  evaporated  to  dry- 
ness it  leaves  a  brown  extract,  in  which  crystals  of  nitrate 
of  potash  are  gradually  formed.  This  extract  was  acafcdy 
soluble  in  alcohol.  It  gave  traces  of  the  presence  «f  ace- 
tate of  potash  and  acetate  of  lime.;( 

6.  Sap  of  Ow  Flney  viiis  vinifera. 

This  sap  was  examined  by  Dr.  IVout  It  had  the 
whitish  appearance  of  common  river  water.  Its  taste  was 
sweetish  but  not  rough.     It  did  not  alter  litmus  paper,  nor 

•  Ann.  d«  Clmi.  xnu  «1.  f  Ibid.  p.  SO.  J  Ibid.  p.  SSL 
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di^  iu  ^^fifi^  Cf4i4ty  4i£^  from  thftt  of  pure  wgt^.  Potr 
4d)  Md  snuponiagaFe  it  a  fine  red  ooloiir,  and  threw  dowq 
red  flocks  readily  dissoWed  by  acetic  acid.  It  waa  slightly 
jMfttcipit^ted  by  oxalate  of  ammania)  ferrocyanate  of  potash, 
nitrate  of  silver,  and  subacetate  of  lef^d^  Two  thousand 
three  hiindf^  parts  of  it  when  evaporated  left  only  one 
part  of  residuuniy  half  of  which  was  carbonate  of  Ume 
and  the  ronainder  a  peculiar  v^etable  matter,  which  was 
insoluble  in  alcohol,  llie  sap  had  contained  both  carbonic 
acetic  acids,  and  likewise  an  alkali.* 

7.    Sap  of  the  common  maplcy  acer  compestre. 

The  sap  of  this  tree  was  examined  by  Professor  Scherer, 
of  Vienna.  It  has  a  milky  aspect,  a  sweetish  taste,  and  its 
spedfic  gravity  varies.  It  does  not  alter  litmus  or  turmeric 
paper.  It  is  precipitated  by  oxalate  of  potash,  nitrate  of 
silver,  and  barytes  water;  but  not  by  muriate  of  barytes. 
\rhen  boiled  it  lets  iall  gluten  in  flocks.  It  yields  wlien 
evafiorated  a  salt  with  basis  of  lime  possessing  peculiar  pro- 
pertTes.  The  acid  is  destroyed  by  heat,  and  according  to 
Scherer  differs  from  every  other  vegetable  acid.  He  there- 
fore distinguishes  it  by  the  name  of  aceric  add.  The  ace-  Aceric  acid. 
rate  of  lime  is  white,  slightly  translucent ;  has  a  weak 
acidulous  taste,  and  is  not  altered  by  exposure  to  the  at- 
mosphere. One  thousand  parts  of  cold  water  dissolve  9 
parts,  and  )000  parts  of  boiling  water  17  parts  of  this  saltf 


SECT.  II. 

OF  THE   PECULIAR  JUICES. 

The  sap  passes  from  the  roots  in  peculiar  vessels  to  the 
leaves,  where  it  is  altered  by  a  process  similar  to  that  of 
digestion  in  animals,  and  formed  into  all  the  liquid  sub- 
stfuipes  requisite  for  the  purposes  of  the  plant.  These 
liquids  flow  from  the  leaves  towards  the  root  in  impropri- 
ate vessels,  apd  have  received  the  name  of  the  peculiar 
juices  of  vegetables.  They  differ  very  considerably  from  Nature. 
^odi  otbepr  in  different  plants.    They  have  all  a  certain 

*  ADDals  of  Philosophy,  v.  109. 
t  Schwfliggier's  Joar.  ir.  sas. 
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Book  IV.  degree  of  oonBistency,  and  always  contain  mnch  more  vege- 
^"""v-*^  table  matter  than  the  sap.  In  the  present  state  of  vegeta- 
ble chemistry,  an  accurate  detail  of  their  properties  cannot 
be  attempted.  Indeed  it  Is  often  difficult  to  procure  them 
from  any  plants  unmixed  with  the  sap.  They  sometimes 
exude  spontaneously,  and  may  always  be  procured  in 
smaller  or  greater  quantity  by  incisions  through  the  hark 
of  the  plants  conltiining  them.  The  following  are  the 
species  of  peculiar  juices  which  have  been  hitherto  at- 
tended to. 
Milkj  1.  Milky  Juices.—'Nlanj  plants,  irfien  wounded^  emit  a 

i"*^^^  considerable  quantity  of  a  milky  liquid,  which  may,  in  most 
cases  at  least,  be  considered  as  one  of  the  peculiar  juices 
of  the  vegetable  from  which  it  flows.  The  nature  of  this 
juice  is  extremely  various. 

The  root  of  Uie  campanula  rotundifoUa  yields  a  mUkj 
juice,  of  a  peculiar,  and  not  unpleasant  smell  and  taste. 
Children  in  some  parts  of  Scotland  collect  the  plant  foe  the 
sake  of  this  juice,  which  they  suck  with  avidity.  It&che- 
mical  properties  have  not  been  examined. 
Euphoibia.  The  different  species  of  euphorbia  yield  a  milky  juice, 
which  has  a  hot  taste  analogous  to  that  of  pepper,  but  more 
acrid,  and  which  continues  for  a  long  time  in  the  mouth. 
When  chlorine  was  poured  into  this  juice,  a  very 
copious  white  precipitate  fell  down.  This  powder,  when 
washed  and  dried,  had  the  appearance  of  fine  starch,  and 
was  not  altered  by  keeping.  It  was  neither  afiected  by 
water  nor  alkalies.  Alcohol,  assisted  by  heat,  dissolved 
two-thirds  of  it ;  which  were  precipitated  by  water,  and 
had  all  the  properties  of  resin.  Tlie  remaining  third  part 
possessed  the  properties  of  the  woody  Jibre.  Mr.  Chaptal 
tried  llic  same  experiment  on  the  juices  of  a  great  number 
of  other  plants,  and  he  constantly  found  that  chlorine  pre- 
cipitated from  them  wocdy  fibre,  * 
Poppy.  The  diflFerent  species  of  the  poppy  [papaver)  and  lettuce 

{lacuta)  yield  a  milky  juice,  which  possesses  narcotic  quali-» 
ties,  and  is  distinguished  by  a  peculiar  taste  and  smell. 
ThesC'  juices  have  been  more  examined  than  the  preceding. 
They  are  of  a  very  complex  nature,  containing  a  great 
variety  of  constituents.     Gum  and  resin,  and  extractive^ 

«  Ann.  dc  Chim.  xxi.  285. 
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are  the  most  prominent  of  these ;  and  if  the  experiments  Chip.  ii. 
of  Sertiimer  concerning,  the  peculiar  narcotic  principle  ^""V^ 
which  he  detected  in  opium,  and  which  have  been  detailed 
in  the  preceding  Chapter,  be  confirmed,  we  must  consider 
that  principle  as  constituting  an   essential  ingredient   in 
these  juices. 

The  milky  juice  which  exudes  from  the  jatropha  elastica^  Caoutch- 
the  heviea  caoutchouc^  the  artocarpus  mtegrifoliaj  the  urceola  ^^' 
elastica^  and  from  several  other  plants,  gradually  becomes 
inspissated  when  exposed  to  the  air,  and  constitutes 
caoutchouc  This  juice  has  been  hitherto  examined  only 
by  Fourcroy.  Though  kept  in  close  vessels,  the  caoutchouc 
for  the  most  part  gradually  separates,  and  forms  a 
white  solid  elastic  mass.  The  juice,  however,  still  continues 
milky.  When  evaporated  in  the  open  air,  a  pellicle  of 
caoutchouc  graduaUy  forms  on  the  sur&ce,  and  when  this 
is  removed  another  succeeds.  Fourcroy  ascribes  this  for- 
mation to  the  absorption  of  oxygen  from  the  atmosphere. 
Besides  the  caoutchouc,  Fourcroy  obtained  from  the  juice 
transparent  prismatic  crystals,  which  had  a  sweet  tastc^ 
and  which  he  considered  as  saccharine  matter  approaching 
to  the  nature  of  an  acid.* 

The  juice  of  the  papaw  tree  possesses  properties  which  P^paw. 
distinguish  it  from  most  others.     According  to  the  analyses 
of  Vauquelin,  detailed  in  the  preceding  Chapter,  its  con- 
stituents resemble  very  closely  the  constituents  of  blood. 

Besides  the  milky  juices  enumerated  above,  there  are 
many  others.  Almost  all  the  gum  resins  indeed  arc  origi- 
nally in  that  state;  but  as  no  chemical  analysis  of  these 
juices  has  yet  been  made^  it  is  needless  to  dwell  upon 
them,  t 

2.  Mudlaginous  Juices. — The  peculiar  juices  of  many  Mucil«gi- 
plants  are  not  milky,  and  some  not  distinguished  by  any  aoiu  juices. 
strong  taste  or  smell.     In  these  mucilage  seems  to  be  the 
predominating  matter.     Under  this  head  may  be  reckoned 
the  juices  of  most  of  the  mucilaginous  plants  enumerated  in 
the  fifth  Section  of  the  preceding  Chapter. 

The  substance  called  cambium,   too,  if  we  may  be  al-  Cambium. 

*  Ami  de  Chim.  xi.  295. 

t  Tlie  reader  may  consult  a  dissertation  on  the  milky  juices  of  plants 
bj  CvradorL    See  Gehlen's  Jour.  vi.  630. 


ins^  PAn*s  OF  pumrsw 

Book  IV.  lowed  ta  oooBider  it  ob  a  peculiar  juioc^  mceit  is  otr^idvdjr 

^"•^'^r^^  different  from*  the  sx^^  ia  entirely  mueilefpBoua.  It  nakee- 
its  appearance^  accordiiig  to  Mtrbel>  ixi  aU  tbole  parte'  oC 
vegetables  where  new  roattev  is  to  be  fbrmedi-  and  seems  nem 
cessaiy  for  all  suoh  formaUoDs,  either  as  the  HMMea  cn^ 
ployed  in  their  formation,  or  as  furnishing  a  prepier  be4 
for  them  to  be  fiumed  in.  It  does  mat  appear  t»  be  con- 
fined in  vessels  like  the  other  juices*'* 

Turpen*         3.  Somc  juices  are  intermediate  between  volatilftoils  and 

^"^*  resins.    These  may  be  distinguished  bjr  the  »ani#  sif  Utr^ 

peniwes.  Common  turpeniinc,  haiaam  el  copam^  and 
probid>l3r  also  opobalsaroum,  belong  to  dus  claas.  These 
juices  arc  originally  limpid  and  transpavenl^  ktve  a  tHarong 
smell  and  taste,  smd  gradualljf  acquire  consietcney  by  es« 
pc^uro  to  the  air^  probably  by  absorbiag  oxygen. 

Rcftins.  Jr.  Other  juices  obtained  by  excisk>ft  possess  al  fint:  the 

properties  of  resins,  or  at  least  acquire  them  before  they 
are  brought  into  diis  country.  Such»  fiir  exanplei  are 
tacamohac  and  mastich,  and  most  of  the  resinous  bodaeade* 
scribed  in  Section  XXV.  of  the  preceding  Chapter. 

Balsams.  5,  Others  are  entitled  to  the  name  of  balsam^  aeGordei^ 
to  tlic  strict  meaning  of  the  word ;  as  balsam  of  %o1m%  oC 
Peru,  styrax,  and  benzoin. 

Tannin.  6.  Somc  peculiar  juices  are  composed  almost  entirely  of 

tannin,  or  at  least  are  cliaracteriscd  by  containing  a  super- 
abundance of  that  substance.  Such  ))robably  are  the  juicea 
of  oak,  sumach,  and  of  most  vegetables  that  yickl  abun- 
dance of  the  tanning  principle.  In  some  cases>  it  would 
seem  that  these  juices  exude  spontaneously ;  though  in 
general  they  are  obtained  by  artificial  means. 

Sugar.  7.  Some  vegetables  possess  juices  characterized  by  the 

great  quantity  of  sugar  which  they  contain.  Such,  for 
example,  are  the  sugar-cane,  the  carrot,  and  the  various 
species  of  beet.  For  it  is  surely  more  reasonable  to  con- 
sider the  saccharine  matter  in  these  plants  as  belong^ig  to 
the  peculiar  juices,  than  as  confined  to  the  sap. 

Saline  g.  Finally,  the  peculiar  juices  of  some  plants  are  cha«* 

"**  ^''  raclerized  by  containing  a  considerable  portion  of  saline 
matter.  Tims  the  various  species  of  sorrel  contain  a  notable 
quantity  of  supcroxalate   of  potash,  and   several  of  the 

f  Mirbel|  Ann.  de  Mus.  d'lli^t.  Nut.  No.  il.  p.  204. 


sedums  malate  of  lime.  In  short,  the  peculiar  juices  of  Chap.  ii. 
plants  are  nearly  as  numerous  as  the  Tegctable  principles 
themselves ;  and  when  the  fungi,  algae,  lichens,  and  several 
other  of  the  numerous  inferior  tribes  of  vegetables  have 
been  once  examined,  it  cannot  be  doubted  that  the  number 
will  greatly  increase. 

Braconnot  has  lately  examined  the  juices  of  a  number 
of  plants,  in  order  to  ascertain  the  peculiar  acids  which 
they  contained.  The  following  is  a  short  abstract  of  the 
results  which  he  obtained.* 

The  expressed  juice  of  the  acmytum  lycortemim  evapo-^ 
rated  to  dryness  aotd  incinerated  leaves  about  O'Ol  of  car- 
bonate of  potash.  This  juice  contains  a  considerable  pro^ 
portion  of  citric  acid,  partly  combined  with  potash  an'' 
partly  with  lime.  Perhaps  also  malic  and  acetic  acids  artf' 
pre8i>nt  in  the  juice  of  this  plant  ^ 

Tlie  juice  of  the  delphimim  elaium^  the  ranunculus  acoTiim 
ii/blius^  the  ihaUcirum  flavumj  ibeclemaHs  recta  and  vUicella, 
likewise  contains  a  quantity  of  citric  acid  like  the  preceding 
juice. 

The  juice  of  the  salvia  sclarea  contains  benzoic  acid  pro^ 
bably  combined  with  potash. 

Tlie  juice  of  the  ruta  graveolens  contains  malic  acid  com** 
bined  with  potash  and  with  lime. 

The  juice  of  the  eupalorium  cannabinum  contains  an 
acid  which  appears  to  be  the  malic  mixed  with  some  phos* 
pboric 

The  juice  of  the  nicotiana  nistica  and  tabacum  contains 
malic  acid  combined  with  potash  and  lime. 

The  juice  of  the  mirabUis  jalapa  contains  nitric  acid, 
muriatic  acid,  malic  acid,  and  a  little  sulphuric  acid  chiefly 
combined  with  potash. 

The  spinada  oleracea  contains  oxalates  of  lime,  and  of 
potash,  malate  and  phosphate  of  potash. 

The  tropcBolum  mqjm  contains  phosphoric  acid,  nitric 
add,  and  malic  acid  united  to  lime  and  to  potash. 

The  riciuus  communis  contains  malic  acid  doubtless  com- 
bined with  potash. 

The  piijftolacca  decandra  contains  an  uncommon  propoi* 
tion  of  potasby  and  an  acid  which  ]>ossesscs  the  properties 

of  the  oxalic. 

♦  Aim.  de  CLim.  Ixv.  C77. 
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Book  IV.  SECT.  III. 

OF  THE   GASES  IN   PLANTS. 

In  many  plants  the  stem  is  hollow  and  filled  with  air. 
In  others,  as  the  onion,  the  leaves  are  filled  with  air.  Air 
is.  lodged  in  the  pod  of  the  pea,  in  the  leaves  of  some 
species  of  fuci.  In  short,  there  is  hardly  a  plant  that  does 
not  possess  some  part  more  or  less  hollow,  and  of  coarse 
filled  with  air.  Now  it  is  a  question  of  some  curiosity  to 
determine  what  species  of  gas  thus  fills  np  the  hcdlow  parts 
of  plants.  Is  it  common  air?  or  is  it  a  secretion  by  the 
plant  itself?  On  the  latter  supposition  it  may  be  hydrogen 
gas,  azotic  gas,  carbonic  acid  gas,  or  any  other  gas  what- 
ever. 

A  few  experiments  were  made  by  Dr.  Priestley  on  the  * 
air  in  the  sea-weed.  He  foond  it  sometimes  the  same  as 
common  air;  in  other  cases  it  contained  a  greater  propor- 
tion of  oxygen,  in  others  a  greater  proportion  of  azote. 
The  air  within  the  leaves  of  onions  and  in  the  bladder  of 
senna  he  found  the  same  as  common  air.  Air  pressed  fixmi 
the  stalks  of  the  common  flag  contained  a  greater  propor- 
tion of  azote  than  common  air.* 

The  air  in  two  or  three  plants  examined  by  Dr.  Darwin 
was  the  same  as  common  air.  Hubert  found  the  air  firom 
the  arundo  bambos  worse  than  common  air. 

M.  Bidault  do  Villiers  cxomineil  the  air  in  a  considerable 
number  of  plants.  That  in  the  leaves  of  the  onion  was 
the  same  as  common  air.  The  same  observation  applies  to 
the  air  in  the  petals  of  the  nielo  peppo  in  the  capsules  of 
the  colutea  arborescensy  the  pods  of  the  pisum  sativum^  the 
capsules  and  vesicles  of  the  staphylea  pinnata^  and  nigella 
damascenay  the  stems  of  the  borago  officinalis^  conitim  macu- 
latuniy  sonchus  oleraceus.  In  some  cases  he  fi>und  the  air 
in  the  leaves  of  onions  extinguish  a  candle ;  it  must  of 
course  have  contained  a  considerable  excess  of  azote.f 

From  these  few  observations  it  seems  to  follow,  that  the 
air  contained  in  plants  is  common  air,  frequently  unaltered ; 
but  sometimes  deprived  of  a  portion  of  its  oxygen.  In 
Dr.  Priestley's  experiment  it  would  appear  that  a  redun- 

*  Priestley,  iii.  2ri>.  t  Ann.  de  China.  Ixxxnii.  69. 
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dancj  of  oxygen  was  present     Bat  this  experiment  would  Cbap.  ii. 
requirt  repetition  before  it  could  be  considered  as  authen* 
ticated. 


SECT.  IV. 

OF  THE  WOOD  AND   ROOTS. 

L  Th£  roots  of  a  great  variety  of  plants  are  employed  in 
medicine  and  the  arts;  but  few  of  them  have  been  hitherto 
sutgected  to  chemical  examination.  The  substances  found 
in  them  are  various ;  and  indeed,  as  the  peculiar  juices  of 
the  roots  are  always  included  in  such  examinations,  it  is 
clear  that  almost  all  the  vegetable  principles  will  be  found 
in  them. 

Hie  process  usually  followed  in  examing  these  substances, 
is  first  to  separate  every  thing  soluble  in  cold  water,  then 
to  boil  the  root  in  water.  Alcohol  is  applied  next;  and 
afterwards  different  acids  or  alkalies,  according  to  the 
nature  of  the  substances  suspected  to  be  present.  The 
roots  of  the  following  plants  have  been  subjected  to  chani- 
cal  examination : 

Helleborus  hycmalis.  Rubia  tinctorum.  litt. 

Brionia  alba.  Curcuma  longo. 

Calaguala.  Valeriana  officinalis.     " 

Ho-ang-lien.  Coclilearea  armorica. 

Cephaelis,  or  calicocca.  Glycyrrhiza  glabra. 

ipecacuanha.  Inida  helenium. 

Convolvulus  jalappa.  Acorus  calamus. 

Gentiana  lutea.  Andropogon  schaenanthus* 
Rheum  palmatum. 

1.  Helleborus  hyemaUs.^^The  root  of  this  plant  is  tube-  Helleboroi 
rous,  has  a  yellowish-white  colour,  and  is  covered  with  a  ^3^*"^'* 
black  skin.    At  first  it  has  no  taste;  but  in  a  short  time  a 
strong  acriditjr  becomes  sensible  in  the  mouth  and  throat 
Vauquelin  has  sutgected  it  to   a  chemical  examination, 
chiefly  in    order   to  ascertain  the  nature  of  the   bitter 
and  acrid  principle  which  it  contains.    This  principle  he  Contains » 
found  to  be  an  oil  of  a  peculiar  nature,  possessing  pro-  ^||'^^<^^^ 


no 
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Book  IV.  peniw  intermediate  between  &«  fixed  wd  wlatile  eiUi 
He  obtained  it  by  digesting  the  root  in  nlooholy  and  tlmi 
distilling  off  tlie  alcohol  in  an  alembic.  Tlie  oil  gmduallj 
separated  and  concreted  on  cooling.  Its  taste  was  ex- 
tremely acrid,  and  it  had  a  yellowish-brown  coloar.  When 
dissolved  in  weak  alcohol,  it  precipitates  the  sulphates  of 
iron  of  a  fine  purplish^red  cdonr,  which  becomes  green 
by  means  of  alkalies.  This  oil  is  extremdy  poisonous, 
and,  according  to  Vauquelin,  exists  in  many  jdant%  and 
is  the  cause  of  their  poisonous  qualities. 

When  the  root  is  digested  in  water,  Md  the  iJipiLjip^f^ed 
through  a  cloth,  it  it  obtained  opaque  and  mikff  aikd  fril*- 
dually  deposits  a  white  powder  which  possesses  the  pn>* 
perties  of  starch*  The  liquid,  by  evaporptioo,  deposits  « 
brQwnish  matter,  which  forms  successive  pellicles  pa  the 
surface.  This  substance  possesses  the  properties  (if  ei* 
tractive.  Besides  these  substances,  Vauquelin  deteotad  a 
substance  analogous  to  gluten,  some  sugufi  wd  4  portion 
of  woody  fibre.* 

.  2.  Brionia  alba. — This  root  has  been  qsed  in  TPff^hfftf, 
and  was  known  to  contain  a  considerable  portion  cf  steff^ 
and  a  bitter  principle  soluble  in  water  and  alcohol.  Vmi** 
quelin  lately  examined  iu  By  maceration  in  wat^,  and 
subsequent  pressure  in  a  linen-clotli,  the  starch  wa^  sepa- 
rated and  obtained  in  a  state  of  purity.  The  bitter  snb- 
stance  was  soluble  both  in  alcoliol  and  water,  and  appeared 
to  possess  the  properties  of  pure  bitter  principle.  The 
root  was  found  likewise  to  contain  a  considerable  portion 
of  gum ;  a  substance  which  is  precipitated  by  infusion  of 
galls,  and  whicli  Vauquelin  denominates  vegeio-^nimal 
matter,  some  woody  fibre,  a  small  portion  of  sugar,  ami  a 
quantity  of  supermalate  of  lime  and  phosphate  m  lime.t 

3.  Calaguala  root. — This  is  a  root  brought  from  America 
for  medicinal  purposes,  which  has  acquired  considerable 
eelcbrity  on  the  continent.  The  plant  from  which  it  is  ob- 
tained is  not  known ;  but  from  die  observations  of  Vau- 
quelin is  supposed  to  be  a  species  of  polypodium.  It  has  a 
brown  colour,  is  pardy  covered  with  scales  like  the  roots 
of  fern,  and  is  very  bard  and  difficult  to  reduce  to  powder. 


BrionU 
«lba. 


Constitu- 
ents. 


Calaguala. 


*  Ann.  (k  Mus.  (rHi«t.  Nut.  No.  xliii.  82. 
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VAtiquelili,  wbtt  has  sabjected  it  to  mialytiff,  found  it  a  very  Cfwp.  ii. 
cottipkUt  stlbMAnci^  and  separated  ftom  it  no  fewer  than 
the  rcUkmit^  MlbslxuioM : 

Woody  fibre*  Colouring  matter.  Comtitu- 

Guin.  Malic  acid  ?  ^°'*- 

Realn.  Muriate  of  potash. 

Sugar.  Lime. 

Stafcli.  Silica. 

Alcohol  dissolves  the  resin  and  sugar.  By  evaporating 
tlic  solution  to  dryness^  and  treating  the  residue  with  wateri 
the  sugar  is  separated  and  the  resin  left.  This  resin  has 
a  reddish-brown  colour,  and  a  bitter  and  acrid  taste.  It 
dissolves  in  alkalies,  communicating  a  brown  colour  and 
a  bitter  taste,  and  is  again  separated  by  acids.  Vauquelin 
suspects  that  this  principle  is  the  constituent  of  the  root, 
both  of  this  plant  and  of  the  other  Alices  which  possess 
vermifuge  properties.  Water  dissolved  the  gum  and  the 
muriate  of  potash,  which  were  obtained  by  evaporation. 
Diluted  nitric  acid  dissolved  the  starch  and  the  colouring 
matter,  and  let  fiill  the  former  when  mixed  with  four  times 
hi  bulk  of  aIcob(d.  The  woody  fibre  remained,  which 
when  incinerated  left  carbonate  of  lime,  muriate  of  potasli, 
aad  a  little  silica.  As  the  decocticm  reddened  vegetable 
Unesi  it  is  possible  that  the  lime  was  in  combinadon  witli 
malic  acid.* 

i.  ffo-oiig-iiert.— This  is  a  bitter  tasted  root,  brought  Ho-an^- 
from  China,  and  used  on  the  continent  as  a  medicine.  It  ^*^^ 
bas  been  slightly  examined  by  Bouillon  La  Grai^a  From 
his  experiment  it  seems  to  owe  its  properties  chicrfly  to 
the  bitter  principle^  of  which  it  oontains  a  considerable 
poflftion.  It  contains  also  a  resinous  matter,  taken  up  by 
alc^ol  and  thrown  down  by  water.  This  substance  when 
ity  'has  a  brown  cotoor,  melts  when  heated,  and  bums, 
emitting  an  aromatic  odour.f 

5.  Ipecacuaiu — This  is  the  root  of  a  plant  which  grows  Ipecacum. 
spontaneously  in  Brazil,  and  probably  in  oth^  parts  of 
Softdi  America.      It  was  first  correctly    described  and 
figofed  by  Dr.  Brotero,  under  the  name  of  caliicocoa  ipeca^ 
cuanha.X    The  root  is  about  the  thickness  of  a  quill,  un- 

*  VaoqaeliDy  Ami.  &9  Chim.  Iv.  %9.  t  Ibid.  p.  4b. 

t  linean  Trans,  vi.  137.  -•  - 
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Book  IV.  equal  and  knotty,  and  Tories  considerably  in  fcs  colour. 

^^""V"*^  When  pounded  it  forms  the  mildest  and  safest  emetic  in 

the  whole  Materia  Medica.    Though  probably  employed 

in  America  from  time  immemorial,  it  was  not  introduced 

into  Europe  till  the  time  of  Lewis  XIV,  when  one  Grenier, 

a  French  merchant,  brought  ISOlbs.  ofitfixmi  Spain;  with 

which  trials  were  made  at  the  Hotel  Dieu*    Helvetius  first 

made  known  its  use  in  dysentery,  for  which  he  was  rewarded 

by  Lewis  XIV.  with  lOOO/.  sterling.* 

Ptaipertics.       This  substance  has  been  recendy  analysed  by  M.  M. 

Majendie  and  Pclletier.    The  following  are  the  constituents 

which  they  obtained : 

Oil 2 

Emetin  •••  16 

Wax   ....    6 

Gum 10 

Starch  •.•42 

Wood....  20 

Loss  .*. ..    4* 


loot 

Jalap.  6.  Jalap. — This  very  active  carthartic  is  the  root  of  the 

convoluulitsjalappa,  a  plant  which  is  a  native  of  Xalapa,  a 
province  of  New  Spain4  It  is  brought  to  Europe  in  thin 
slices,  which  are  hard,  of  a  brown  colour,  exhibiting  resin- 
ous streaks  and  circles,  easily  inflammable,  of  scarcely  any 
smell,  and  a  weak  acrid  taste.  From  the  few  experiments 
detailed  by  Neumann,  it  appears  to  contain  a  resin,  to 
which  its  active  properties  are  ascribed,  and  likewise  a  por- 
tion of  extractive  and  of  mucilaginous  matter.  It  has  been 
analysed  by  Mr.  Henry,  who  found  its  constituents  resin, 
extractive,  starch,  and  woody  fibre.§  According  to  him, 
the  proportions  of  these  difierent  substances,  contained  in 
500  parts  of  the  three  varieties  of  jalap  which  occur  in 
commerce,  are  the  following : 

Rciin.  Extract.  Starch.    Woody  Fibre. 

Jalap  leger 60 75 95 270 

sain 48 140 102 210 

piqu^  ....  72 125 103 200 

*  Neumann's  Chom.  p.  357.  f  Ann.  de  Chim.  et  Pbys.  Wi  180. 

I  Hence  the  term  Jalap.    Neumaim's  Chem.  p.  359. 
}  Ann.  de  Cbioi.  l«^i.  275. 
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?•  BhAarb. — This  is  the  root  of  the  rheum  palmaivm^  Chip.  ii. 
and  perh^m  ahK>  of  some  other  species  of  rheum,  brought  ^"""v^^ 
chiefly  firom  the  northern  parts  of  China  by  the  way  of  ^"^**" 
Russia,  though  of  late  it  has  been  cultivated  also  in  Britain. 
The  root  is  large,  of  an  oblong  or  roundish  shape ;  of  a 
dark-brown  colour  externally,  with  black  and  reddish 
streaks;  internally  it  is  reddish-yellow,  and  when  fresh  ccm- 
tains  a  juice  of  the  same  colour.  No  accurate  chemical 
analysis  of  rhubarb  has  yet  been  made;  but  from  the  expe- 
riments of  Neumann,  it  appears  that  nearly  one  half  of  it  is 
soluble  in  water,  and  that  alcohol  scarcely  takes  up  any 
thing  from  the  residue.  From  the  properties  of  the  watery 
extract,  enumerated  by  that  laborious  chemist,  we  may 
infer,  with  some  probability,  that  it  consists  chiefly  of  the 
extractive  and  bitter  principle,  and  that  it  contains  some 
tannin.  A  small  quantity  of  greenish-yellow  resinous  mat- 
ter seems  also  to  be  present*  Scheele  separated  from  the 
root  about  ^th  of  its  weight  of  oxalate  of  lime.f  But  this 
salt  is  not  taken  up  by  the  water. 

8.  Gentian. — This  is  the  root  of  the  gentiana  luieoj  a  Gentian. 
plant  which  grows  spontaneously  in  the  mountainous  parts 

of  France,  Switzerland,  Hungary,  &c.  It  is  it  said  to  have 
been  named  after  Gentius,  a  king  of  Illyria,  who  is  sup- 
posed to  have  first  discovered  its  virtues.  The  root  is  ex- 
ternally brown ;  internally  yellow,  with  a  spongy  pith  in  tlio 
middle.  Its  taste  is  intensely  bitter.  From  the  experi- 
Doents  of  Neumann,  we  may  conclude  that  the  soluble  parts 
of  it  consist  chiefly  of  bitter  principle,  mucilaginous  matter, 
reun,  and  extractive.  The  first  seems  to  be  the  most  copi- 
ous and  most  active  ingredient,  and  the  one  to  which  it 
owes  its  medicinal  properti^ 

9.  Madder, — This  is  the  root  of  tlie  rubia  tinctornm^  a  Midder. 
plant  cultivated  in  Zealand,  &c.  for  the  dyers,    ^fhe  root  is 

the  usefiil  part,  forming  one  of  the  most  valuable  of  the  red 
dyes.  It  is  about  the  thickness  of  a  goose  quill,  somewhat 
transparent,  of  a  reddish  colour,  and  a  strong  smell.  The 
colouring  matter  of  madder  is  the  only  part  of  thb  root 
4hat  is  valued.    Mr.  Watt  has  published  a  dissertation  on 

«  I*7«umann't  Cbem.  p.  S60. 

t  CrsU'tAnnsb.i.  94.  Eng.Traos. 


Book  IT.    it;  to  which  we  owe  ahnoBt  efcry  thing  ihat  w«  know 

^'"v**^  retpecting  ito  chemical  nature. 

Fropeitict.  It  appears  that  there  are  two  dtatiiiot  ookuriiig  mattan 
in  madder :  a  red,  which  is  extracted  readily  by  cold  water  ; 
and  a  brown,  which  requires  a  boiling  heat  to  aepatate  it  in 
an  J  quantity.  Hence  the  reason  that  dyers  are  oaiitloos 
Rot  to  raise  the  infiisioa  of  madder  to  a  boiling  temperature 
till  towards  the  end  <tf  their  process.  Both  of  these  colour* 
ing  matters  appear  to  possess  the  prapeitiet  of  extracttTe. 
They  are  soioUein  wuterand  afcohol;  and  when  the  solu- 
tion is  evaporated,  pellides  successively  fcrm  «» the  sut^Ke. 
Tliese  gradually  subside,  and  form  a.reddisfa4iK>wxi  matter, 
only  imperfectly  soluble  in  water.  When  alum  liquor  is 
poured  into  the  infusion  of  madder,  n  deep  farosnush-rol 
flaky  precipitate  fidls,  and  the  liquid,  asounie*  a  brownidi* 
yellow  colour;  and  alkaline  carbonates  and  lime  water 
throw  down  a  blood-red  lake,  difiering  in  die  ihade  of  its 
colour  according  to  the  proportion  of  alum  onployed^ 
Acetate  of  lead  throws  down  a  brown-coioared  predpi* 
tate. 

When  carlxmate  of  magnesia  is  mixed  with  infision  of 
madder,  the  liquid  assumes  a  bright  blood-red  cokmr ;  and 
by  evaporation  an  extract  is  obtained,  ^iiich  readily  dis- 
solves in  water,  and  whcn«pread  upon  paper  becomes  y^hm 
in  a  fcw  days,  if  exposed  to  d»e  sun. 

Water,  holding  a  little  alkali  in  solution,  forms  with 
madder  a  dark  brownish-red  solution ;  but  if  the  water  be 
mixed  with  a  little  acid,  the  infusion  is  yellowish.* 

From  the  late  observations  of  Mcrim<!,  it  appears  proba- 
ble that  a  third  colouring  matter  is  present  in  madder;  that 
it  is  more  soluble  tlian  the  red ;  and  that  it  may  be  sepa- 
rated by  steeping  die  madder  a  certain  time  in  water,  and 
then  precipitating  the  soluticm  with  an  alkali.  Ahor  this  a 
much  finer  red  lake  may  be  obtained  from  madder .f 

Tanneric.  10.  Turmeric. — 1  his  is  the  root  of  the  curcuma  langOj  a 
plant  which  grows  in  the  East  Indies.  It  has  a  fine  yellow 
oolour,  a  slight  smell,  and  an  aromatic  bitter  taste.  To 
water  it  gives  its  own  ydlow  oolour,  and  the  infusion  ia 


*  See  Watty  Ann.  de  Oiim.  iv.  104. 

t  Bertbollet,  Elenims  de  TArt  de  is  Teiutmi  ii.  ISO. 
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rendered  brown  by  alkalies.  To  alcohol  it  gives  a  red  chap  it. 
colour,  which  stains  hot  marble  of  a  durable  colour.*  The  '^""v*^ 
constituents  of  this  root  are  but  imperfectly  known.  From 
the  experiments  of  Neumann,  we  learn  that  it  contains  a 
little  volatile  oil ;  that  water  dissolves  nearly  one-third  of 
the  root^  bnt  that  a  very  small  portion  only  is  soluble  in 
akohoLf    It  forms  the  chief  ingredient  in  atrry  powder. 

1 1 .  Valerian. — ^Trommsdorf  has  examined  the  root  of  the  Valenuu 
Valeriana  officinalis.     It  loses  three-fourths  of  its  weight  by 
drying.     DistiUed  with  water  it  yields  a  volatile  ojl^very 
liquid,  and  of  a  greenish-white  colour.    Its  odour  is  strong 

aild  camphoric ;  its  specific  gravity,  at  the  temperature  of 
7?^,  is  0*9S40;  its  taste  is  aromatic  and  camphoric  without 
being  acrid.  Whenexposedto  the  light  it  becomes  yellow- 
ish. Nitric  acid  converts  it  into  a  resinous  substance,  or,  if 
it  be  used  in  a  sufficient  dose,  into  oxalic  acid.  The  ex- 
pressed juice  of  the  roob  of  this  plant  is  muddy,  and  has  a 
strong  odour.  It  lets  fdl  a  portion  of  starch.  It  contains 
a  peculiar  substance  approaching  the  nature  of  extractive, 
soluble  in  water,  but  insoluble  in  ether,  and  in  pure  alcohol. 
It  is  precipitated  from  water  by  the  salts  of  lead,  silver, 
mercury,  and  antimony.  This  juice  contains  also  a  portion 
of  gum.  The  roots  deprived  of  this  juice  yield  a  portion  of 
black-coloured  resin,  but  consist  chi^y  of  woody  fibre.f 

12.  Horse  radish, — Einhoff  has  examined  the  root   of  Hone  n» 
this  vegetable,  the  cochlearea  armorica^  and  found  that  its  ^"^ 
acridity  is  owing  to  the  presence  of  a  small  quantity  of  vola- 
tile oil,  which  he  obtained  by  distilling  the  mashed  roots  in 

a  water  bath.  A  liquid  came  over  which  was  at  first  milky, 
but  gradually  deposited  a  little  of  the  volatile  oil  in  question. 
This  oil  had  a  pale  yellow  colour,  and  the  consistence  of  the 
oil  of  canella.  It  odour  was  that  of  horse  radish  excessively 
strong.  Its  taste  was  at  first  sweetish ;  but  it  leil  an  acrid 
impression,  and  excited  inflammaticm  in  those  parts  of  the 
tongue  and  lips  to  which  it  .was  applied.  It  is  heavier  than 
water,  with  whidi  it  forms  a  milky  liquid  by  agitation.  It 
dittdlves  readily  in  alcohol.     It  is  volatilized  at  the  tempe^ 

«  Lewif,  Neumaon's  Chcm.  p.  384.  t  Ibid.  p.  388. 

I  Add.  deCbim.  Ixx.  05. 
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Book  IV.  rature  of  60^.  The  liquid  obtained  from  tlw  roots  of  die 
"""^^v^  horse  radish  by  distillatiou  yielded  traces  of  sidpbur.* 
Liquorice.  IS.  Liquorice. — The glycyr/dxa  glabrOf  (Nrlicgsorice^  is  a 
native  of  the  south  of  £urq)e^  but  is  cultivated  hi  eoBsiderable 
quantities  in  England  for  the  sake  of  the  KXit,  flram  whidi 
is  extracted  the  black  substance  well  known  under  the 
name  of  liquorice^  or  black  sugar.  This  raol  was  sol^actsd 
to  analyab  by  M.  Robiqueti  who  obtained  the  ibUowing 
substances  from  it : 

.   (1.)  Starch,  first  observed  in  it.  by  M.  Lanloiir. 
(2.)  Glutem  which  is  separated  by  boSinj^ 
(S.)  Li<|uorice  sugar,  a  substance  which  afpraachaa  sar- 
cocoll  in  its  {Nroperties.    It  ia  soluble  in  akoM  and  water; 
but  insoluble  in  cold  wateif.    It  has  a  si|eet  tasie^  does  not 
yield  alcohol  by  fermentation,  noor  is  it  converted  into  ozahc 
acid  by  the  action  of  nitric  acid. 
(4.)  Phosphates  and  malafees  (rf^Ume^  and  magnesuk 
(5.)  A  brown  thick  resinous  oil,  which  gives  an  acrid 
diaracter  to  the  decoction  of  liquorice. 

(6.)  A  subatluice  similar  in  its  pn^ierties  to  ai|^asi^pn^ 
but  crystallizing  in  octahedrons* 
(7.)  Woody  fibrct 
Elicam-  14.  Ellcampone. — The  roots  of  the  inula  helmdum  or  «fo* 

P*°c*  campane  were  examined  by  Rose,  who  extracted  from  them 
the  peculiar  vegetable  principle  called  nadin.  M.  Funke 
afterwards  subjected  them  to  a  new  analysis,  and  obtained 
the  following  substances : 

A  crystallizable  volatile  oiL 

Inulin. 

Extractive. 

Acetic  acid* 

A  crystalliEable  resin. 

Gluten. 

A  fibrous  matter  (woody  fibre  ?)  %  • 
Sweet  flag.      15.  Stveei  flag, — The  roots  of  the  axxmis  eahtmus^    or 
sweet  flags^  have  been  subjected 'to  analysis  by  TrdmmsdorfT 
According  to  him  6^  ounces  of  this  root  are  composed  of 
the  following  ingredients : 

•  Ann,  de  Chim.  Ixi,  185.  f  Ibid.  l«ii.  U5» 

X  Ibid.  luTi,  98. 
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«»•        dr.  ffr.  Chap.  II. 

Volatile  wl 0  . .  0  . .  13-33    ' — sr-^ 

Iniilin 1  • .  0  • .  1 

Extractive  with  some  muriate  of  potash    2  ••  1  ..  10 

Gum  with  «ome  phosphate  of  potash  •    3  • .  4  • .  0 

A  viscid  resin 1  ..4  ..0 

Woody  fibre   13  ••  6  ..  0 

Water 42  •«  0  ..35*67 

64  0        0* 

16.  Andropogon  schienantus.—»The  root  of  this  plimt  from  Andropo- 
the  isle  of  France  was  examined  bj  M.  Vauquelin.     It  was  ^^  *^^^ 
fomid  to  contain,   1.  A  resin  similar  to  that  of  m3rrrfa.  9.  A 
Utter  colouring  matter  soluble  in  water.     3.  An  add. 
4.  Oxalate  of  lime.     5.   Abundance  0f  oxide  of  iroih 
6.  Much  woody  fibre,  f 

Many  other  roots  have  been  employed  either  in  medicine 
or  the  arts ;  bnt  as  they  have  not  yet  been  sabjectixl  to  chei- 
mical  analysis,  I  think  it  unnecessiry  to  enumerate  them 
here. 

II.  The  wood  of  dififerent  trees  differs  materially  inf  hard- 
ness, strength,  durability,  and  beauty.  But  from  the  es> 
periraents  of  Count  Rumfard,  there  is  reason  to  believe 
that  the  mere  woody  fibres  of  all  plants  are  nearly  the 
same,  and  that  the  diflferencee  are  owing  almost  entirely  t0 
the  various  proportions  of  liquids  and  empty  spaces  widi 
which  the  woody  fibres  are  intermixed.  He  firand  the  sp^ 
cific  gravity  of  the  wood  of  difierent  trees  as  follows : 

Poplar 1*4854  Sp-gntvitj 

Lime.   ..1-4846  ofwoodi. 

Birch 1-4848 

Fir. 1-4621 

Maple. 1*4599 

Beech 1*5284 

Elm 1-5186 

Oak 1-5344 

A  cubic  inch  of  oak  and  poplar  consisted  respectively  of 
the  following  proportions  of  wood,  sap,  and  air : 

*  Ann.  ds Chim. Izixi. 338.  t  IM.  ixxiLSM. 
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Wood. 

Sap. 

Air. 

Oak  •  • » • 

0-39353      . 

.     0-36122      . 

.     0*24525 

Poplar  •  • 

0-24289      . 

.     0-21880      . 

•     0-5S831 

He  found  likewise  that  the  same  tree  in  winter  contains 
more  sap  than  in  summer ;  and  that  in  summer  it  contains 
more  air  than  in  winter.* 

Out  of  the  great  number  of  woods  known  and  employed 
in  the  arts,  I  shall  maition  only  the  ibllowing* 

Logwood.  1 .  Logwood.'-^Tlds  is  the  wood  of  the  hcBmai^m/lon  cam'- 
pednanunij  a  low  prickly  tree,  which  grows  abundantly 
■  about  Campeachy,  in  the  bay  of  Honduras.  It  comes  to 
Europe  in  large  Jogs,  deared  from  the  baxk,  and  ia  very 
hard,  compact,  heavy,  and  of  a  red  coknir.  It  baa  a 
sweetish  astringent  taste,  but  no  perceptible  imelL  It  is 
very  much  used  by  dyers,  especially  in  dywng  blacky  to 
which  indeed  it  is  in  some  degree  cssentiaL  For  the  fiicts 
known  respecting  its  properties,  we  are  chiefly  indebted  to 
Dr.  Lewis,  f  Sever^  of  its  constituents  have  latdly  been 
ascertained  by  ChevreuL  % 

Properties.  Logwood  gives  out  its  colouring  matter  both  to  water 
and  alcohol ;  but  to  neither  with  much  fiu;ility.  The  li- 
quors assume  a  fine  red  colour  with  a  shade  of  purple.  The 
infusion  becomes  gradually  deeper,  and  at  last  almost  black. 
To  cloth,  previously  boiled  in  alum  aud  tartar,  it  gives  a 
very  beautiful,  but  perishable  violet  colour.  Alkalies 
deepen  the  colour  of  the  infusion ;  acids  change  it  to  yel* 
low.  With  sulphuric,  nitric,  muriatic,  and  acetic  acids, 
slight  reddish-brown  precipitates  fall.  Alum  throws  down 
a  copious  violet  precipitate.  Sulphate  of  iron  strikes  a 
dark  bluish-black  like  ink,  and  throws  down  slowly  a  pre- 
cipitate of  the  same  colour.  Sulphate  of  copper  throws 
down  a  copious  brownish-block  precipitate,  and  acetate  of 
lead  an  equally  copious  reddish-black  precipitate;  and 
muriate  of  tin  throws  down  instantly  a  copious  purple 
lake,  while  the  liquid  becomes  tninsparent  and  colourless.  § 
Chevreul  has  shown  that  this  wood  contains  a  volatile  oil, 
tannin,  a  yellow  colouring  matter,  and  acetates  of  lime  and 

t  Nicholson's  Jour,  xxxiv.  319.  f  Nenmtnn's  Chem.  p.  385. 

I  Ann  de  Chim.  Ixvi.  254  ;  and  Ixxxi.  128. 

§  BerthoUet,  Elcmens  de  TArt  de  la  Tcinture,  ii.  344. 
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of  potasL*    But  the  most  important  of  its  constituents  is  Chap.  ir. 
the  substance  to  which  CheVreal  has  given  the  name  of  ^^v*"^ 
hematin,  and  which  has  been  described  in  the  preceding 
Chapter, 

2.  Braxil  wood, — This  is  the  wood  of  the  ccesalpinia  crista^  Brazil 
a  tree  which  grows  in  Brazil,  and  likewise  in  other  coun-  ^°^' 
tries,  wh&e  it  is  cultivated  for  the  dyer.  The  tree  is  very 
larger  and  the  wood  very  hard  and  heavy.  Its  colour  is 
at  first  whitish,  but  it  becomes  red  by  exposure  to  the 
air.  Water  in  which  it  is  boiled  acquires  a  fine  red  colour; 
while  the  wood  itself^  by  repeated  decoctions,  becomes 
bladL  After  water  has  ceased  to  act,  alkaline  leys  still 
deprive  it  of  a  considerable  quandty  of  colouring  matter. 
Alcohol  likewise  takes  up  the  colouring  matter  of  Brazil 
wood,  and  acquires  a  deeper  colour  than  water. 

From  the  decoction  in  water,  sulphuric  and  muriatic 
acids  throw  down  a  scanty  red  precipitate,  while  the  liquid 
becomes  yellow.  An  additional  dose  of  acid  restores  the 
red  colour  again.  Nitric  acid  changes  it  to  yellow,  and 
then  to  orange.  Oxalic  acid  throws  down  an  orange  red 
precipitate.  The  alkalies  change  the  colour  to  purple^ 
and  throw  down  a  scanty  precipitate.  Alum  precipitates 
slowly  a  copious  reddish  lake,  and  muriate  of  tin  an  abun- 
dant rose-coloured  powder,  while  the  liquid  becomes 
nearly  colourless.  Sulphate  of  iron  strikes  a  black  with  a 
tint  of  violet,  and  throws  down  a  precipitale  of  the  same 
colour.  Acetate  of  lead  tlirows  down  a  fine  dark  red  pre- 
cipitate.t  An  elaborate  set  of  experiments  on  Brazil  wood 
has  lately  been  published  by  Chevreul.  The  bUowmg  are 
tlie  results  which  he  obtained  s 

The  decoction  of  yellow  Brazil  wood  is  yellow.  When  Propertia. 
distilled  it  yields  water  containing  a  portion  of  acetic  acid, 
and  a  volatile  oil  having  the  odour  and  taste  of  pepper. 
As  the  liquid  is  eonceptrated  by  evaporation,  a  viscid  mat- 
ter is  perceptible,  of  a  brown  colour,  which  is  a  compound 
of  tannin  and  the  colouring  matter.  The  liquid  rctaini 
a  portion  of  the  same  substances.  It  contains  also  traces 
40f  ammonia,  and  of  lime  probably  combined  with  acetic 
^dd.    Chevreul  suspects  also  the  presence  of  sugar  and  of 

*  Ann.  ds  Chim.  Ixvi.  954. 

t  Bertbollety  Element  de  TArt  de  laTeinture,  ii.  9^9, 
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Book IV.  gallie  acid;  both  of  which  he  detected  in  the  extract  of 
^"""^^"^  Brazil  wood  of  commerca  All  his  attemfitatofeparate  the 
colouring  matter  from  the  tannin,  and  obtain  it  in  a  sepa* 
rate  state,  failed.  The  acids  change  it  from  ydlow  to  red 
in  the  iniiisions  containing  it.  Alkalies  and  alkaline  earths 
make  it  pass  to  violet  Almnina  strikes  a  carmine^  prot* 
oxide  of  tin  a  violet,  and  peroxide  of  tin  a  red  colour.  Eb- 
▼cral  neutral  salts,  as  sulphate  of  soda,  8cc.  when  added  in 
considerable  quantity,  change  the  ooloor  to  red.  Solpha* 
reted  hydrogen  gas  combines  with  it^  and  destroys  the 
colour ;  but  it  appears  again,  and  the  sidphareled  hydro- 
gen is  separated.  It  has  a  stronger  aflBnity  for  alkalies 
than  litmus :  and  accordingly  it  renden  litmus  pi^r  rod,  by 
depriving  it  of  the  alkali  with  which  it  is  in  oombinatiim.* 
Red  stun-  3.  Red  saunders, — This  is  the  wood  of  the  pterooarpus 
^*^"'  santalinusy  a  large  tree  which  grows  on  the  Coromandel 

coast,  and  in  other  parts  of  India.  The  wood  is  at  fint 
lightered,  but  becomes  very  dark  by  exposure  to  the  air. 
It  is  very  compact  and  ponderous,  and  has  no  smdl, 
and  very  little  taste,  ^is  wood  is  chiefly  used  ibr 
colouring  druf^  and  has  iK)t  yet  been  sulgected  to 
chemical  examin.ition.  The  colouring  matter  is  of  a  resi- 
nous nature,  and  probably  similar  to  that  of  dragon's 
blood.  It  is  taken  up  by  alci>ho1,  but  not  by  water.  The 
alcoholic  tincture  is  u  fine  red,  but  becomes  yellow  when 
diluted  with  a  large  quantity  of  f^>irits.t  By  this  property 
of  yielding  no  colouring  matter  to  water,  we  can  easily  dis- 
tinguish red  sHundcrs  from  Brazil  wood ;  a  distinction  first 
pointed  out  by  Dr.  Lewis.  J 
Fujtic.  4.  Fustic. — Tills  is  the  wood  of  the  moms  tinctorial  a 

large  tree  which  grows  in  the  West  India  islands.  It  ij* 
used  in  dyeing  yellow,  and  is  very  rich  in  colouring  matter. 
It  is  neither  very  hard  nor  heavy ;  its  colour  is  yellow  with 
orange  veins.  It  gives  a  deep  orange  colour  to  water.  The 
decoction  gives  a  precipitate  w^ith  glue,  but  still  retains  its 
colour.  Acids  throw  down  a  slight  greenish-yellow  preci- 
pitate, which  is  rc-dissolved  by  alkalies.  These  give  the 
decoction  a  dark  red  colour,  and  gradually  separate  a  ycU 
lo^'ish  matter.     Alum  throws  down  a  scanty  yellow  prcci- 
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*  Ann.  de  Chim.  Ixvi.  ?25.  +  Ncqmann's  Chim.  p.  33T. 

♦  Ibid  p  330. 
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piMe;  Miphate  of  iron,  a  precipitate  at  first  yeUow,  but  Chap.ii. 
wliklibeooinesb)rown;  sulphate  of  copper,a  yellowigh-browB  ^""N^"*^ 
pNcqNtate ;  acetate  of  lead,  an  orange  yc^w  precipitate ; 
and  muriate  of  tin,  a  very  copioilii  fine  yellow  precipitate.  * 

6.  Swnach. — This  it  die  shoots  of  the  rhus  coriariOf  « Sanudi. 
alurub  nUch  grows  in  the  countries  bordering  on  the  Le- 
vant They  are  cut  down  yearly,  dried,  ond  ground  in  a 
miU.  like  the  preceding  sabstances,  it  is  used  in  dyeiniL 
and  chiefly  as  a  noidanti  on  aooount  ci  the  tannin  wfaidh 
it  eoBtains.  Itgires  to  water  a  greenish-yellow  coloai^ 
whidi  aoon  becomes  brown  by  exposure  to  the  air.  It  has 
not  yet  been  subjected  to  a  regular  chemical  analysis.  The 
tannin  appears  to  be  the  principal  ingredient ;  and,  accord- 
ing to  Proust,  ItdiffiBTs  in  its  properties  from  the  tannin 
oontained  in  other  plants.  Bartholdi  pid>lished  a  set  of 
experiments  on  the  decoction  -of  this  phmt.  According  to 
him,  it  contains  a  great  yaiiety  of  saline  matters;  nitrate 
of  potash,  muriate  of  soda»  sulphate  of  lime^  gallata  of 
magnesia,  carbonate  of  lime^  &c  But  these  experiments 
ftamd  in  need  of  rq>etidon.t 


SECT.  V. 


or   BABXS. 


The  bark  is  the  outermost  part  of  vegetables.    It  coven  Bark, 
the  whole  plant  from  the  extremity  of  the  roots  to  the  cXf 
tremity  of ^e  branches.     It  is  usually  of  a  green  colour: 
if  a  branch  of  a  tree  be  cut  across,  the  bark  is  easily  dis- 
tingmshed  from  the  rest  of  the  branch  by  this  colour.    If  Con^tstiof 
we  inspect  sqch  a  horizontal  section  with  attention,   we  **"*'*' 
shall  perceive  that  the  bark  itself  is  composed  of  three  dis- 
tinct bodies,  which,  with  a  little  care,  may  be  separated 
firom  each  other.    The  outermost  of  diese  bodies  is  called 
die  epidermiSj  the  middlemost  is  called  the  parenchyma,  and 
the  innermost,  or  that  next  the  wood,  is  called  the  cortical 
layers. 

•  Berthollet,  ElAmens  de  TArt  de  la  Temtars,  ti.  S59. 
t  Aon.  de  Chim.  xii.  005* 
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Book  IV.  The  epidermis  is  a  thin  transparenC  membrane,  which 
^"T\^  covers  all  the  outside  of  ihe  bark.  It  b  pretty  tough* 
mis.  When  inspected  with  a  tfiicrosofq|)e,  it  appears  to  be  com- 

posed of  a  number  of  slender  fibres  crossiug-each  other, 
and  forming  a  kind  of  net-work.  It  seems  even  to  consist 
of  different  thin  retiform  membranes,  adhering  closely  to- 
gether. This,  at  liMist,  is  the  case  with  the  epidermis  of 
the  birch,  which  Mr.  Duhamel  separated  into  six  layers. 
The  epidermis,  when  rubbed  off,  is  reproduced*.  In  old 
trees  it  cracks  and  decays,  and  new  epidermes  igre  succes-^ 
sively  formecL  This  is  die  reason  that  the  trunks  of  many 
old  trees  have  a  rough  sur&ce. 
ts.  The  pa-  The  parenchyma  lies  immediately  bdow  the  epidermis ; 
rcnchjma.  j^  jg  Qf  ^  deep  green  colour, .  very  tender,  and  succijdent. 
When  viewed  with  a  microscope,  it  seems  to  be  toniposed 
of  fibres  which  cross  each  other  in  every  direction,  like  the 
fibres  which  compose  a  hat.  Both  in  it  and  the  epidermis 
there  are  numberless  interstices,  which  have  been  compared 
to  so  many  small  bladders, 
d.  The  cor-  The  cortical  layers  form  the  innermost  part  of  the  bark, 
tical  layers,  qj.  ^^x  which  IS  next  to  the  wood.  They  consist  of  several 
thin  membranes,  lying  the  one  above  the  other;  and  their 
number  appears  to  increase  ^^ith  the  age  of  the  plant. 
Each  of  these  layers  is  composed  of  longitudinal  fibres, 
which  separate  and  approach  each  other  alternately,  so  as 
to  form  a  kind  of  network,  ^fhe  meshes  of  this  network 
correspond  in  each  of  the  layers ;  and  they  become  smaller 
and  smaller  \i\  every  layer  as  it  approaches  the  wood. 
These  meshes  are  filled  with  a  green-coloured  cellular  sub- 
stance, which  has  been  compared  by  anatomists  to  a  num* 
bcr  of  bladders  adhering  together,  and  communicating  with 
each  other. 
Nature  of  Fourcroy  supposes  that  the  epidermis  is  the  same  iti  its 
barks.  nature  in  all  trees,  and  tliat  it  possesses  constantly  the  pro- 
perties of  suber ;  but  this  opinion  is  not  likely  to  be  veri- 
fied. The  cortical  layers  seem,  at  least  in  many  cases,  to 
have  a  si milir  fibrous  basis;  a  basis  possessing  essentially 
the  properties  of  flax,  which  is  itself  merely  the  cortical 
layers  of  the  linum  usitatisdmum.  The  matter  of  the  paren- 
chy.i.i,  md  the  juices  which  exist  in  barks,  vary  extremely, 
aiivi  jHobably  occasion  most  of  the  differences  between 
thtiii.      Some,   as  oak  bark,    arp  characterized   by   thei^* 
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afttringency,  ani  ofiistain  tannin;  others,  as  cinnamon,  Chap.li. 
are  aromatic,  and  contain  an  essential  oil ;  others  are  bitter, 
as  Jesuits'  bark;  some  are  chiefly  mucilaginous,  others 
resinous,  &a  But  in  the  present  state  of  the  subject,  an 
enumeration  of  the  different  kinds  of  barks  is  not  to  be 
expected.  I  shall  therefore,  as  in  the  preceding  Sections, 
satisfy  niyself  with  detailing  the  properties  of  those  barks 
that  have  been  subjected  to  examination.  The  following 
are  the  most  remarkable  of  these: 

1.  Bark  of  the  anchona  Jloribimdaj  or  atdnqmna  of  St.  Qninora] 
Domingo. — This  bark  has  been  analysed  with  great  address  ^^^ 
by  Fourcroy.  His  analysis  still  constitutes  one  of  the  com* 
pletest  which  has  hitherto  been  made  on  any  of  the  sub- 
stances belonging  to  the  vegetable  kingdom. 

This  bark  is  in  rolled  pieces,  six  or  seven  inches  lon^ 
and  three  or  four  lines  in  thickness.  Its  colour  is  greyish- 
green  externally,  but  within  it  exhibits  difierent  shades  of 
green,  purple,  white,  brown,  &c.  Its  taste  is  bitter  and 
disagreeable;  its  odour  strong  and  unpleasant. 

It  gives  out  nearly  half  its  weight  to  water,  provided  it 
be  boiled  in  a  sufficient  quantity  of  that  liquid.  The 
residue  possesses  the  properties  of  woody  fibre.  When 
burnt  it  leaves  a  coal,  which  contains  the  following  saline 
constituents.  The  quantities  are  those  obtained  from  a 
pound,  or  9216  grains  of  the  bark. 

Carbonate  of  potash 10  grains.  Eanhysft- 

Sulphate  of  potash 12  »«*^ 

Muriate  of  potash 38 

Phosphate  of  lime 20 

Girbonate  of  lime 420 

Silica. 4 

The  decoction  of  the  bark  has  a  reddish-brown  colour^  ifitter  •»- 
and  an  extremely  bitter  taste.  It  deposits  on  cooling  a^^^^ 
blackish  substance,  soft  and  tenacious,  which  does  not  dis* 
solve  in  cold  water,  though  it  is  soluble  in  hot  water  and 
in  alcohol.  More  of  this  substance  precipitates  as  the 
liquor  is  evaporated.  When  the  inspissated  juice,  freed 
from  tliis  precipitate,  is  mixed  with  alcohol,  a  quantity  of 
gummy  matter  separates.  When  the  black  matter  which 
precipitates  as  the  decoction  cools  is  treated  with  hot  alco« 
bol,  the  greatest  part  of  it  is  dissolved ;   but  a  fine  red 
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Book  IV.^  powder  remains  mixed  with  some  uRcUa^  which  it  eaaly 
separated  by  water.  When  the  alcoholip  loliitioo  is  ex- 
posed to  the  air,  it  deposits  light-yeDowish  crystals  of  a 
saline  nature.  When  mixed  with  water,  white  flaikes  are 
thrown  down,  which  possess  the  properties  of  ghiten;  but 
the  greatest  part  remains  in  solution.  Thus  the  solnble 
part  of  the  bark  may  be  separated  into  five  distinct  snb* 
stances ;  namely,  gum^  gluierij  a  red  powder j  a  ja^aie  fMotiery 
and  a  brownish  bitter  substancej  retained  in  solution  by  (he 
dihited  alcohol.  The  last  is  by  far  the  most  abundant.  To 
it  the  peculiar  qualities  of  the  decoction  of  this  bark  are  to 
be  ascribtxl.  llie  following  are  the  quantities  obtuned  by 
Fourcroy  from  9216  grains  of  the  bark: 

Gum 648  grains. 

Gluten 84 

Red  powder 144 

Saline  crystals  ....     72 
Brownish  matter  .  .4076 


Total  5024 

The  gummy  matter  and  gluten  possessed  very  nearly  the 
properties  of  those  substances,  as  described  in  the  last 
Chapter  of  this  work.  The  red  powder  is  insoluUe  in 
water  and  alcoho],  but  dissolves  readily  in  alkalies.  When 
distill(>(l  it  yields  much  oil  and  ammonia,  and  little  water. 
According  to  Fourcroy,  it  is  extractive  saturated  with 
oxygen.  The  nature  of  the  saline  matter  was  not  deter- 
mined in  a  satisfactory  manner.  ITie  brownish  matter 
which  remained  dissolved  in  the  diluted  alcohol,  being  by 
far  tlie  most  abundant  and  important  ingredient,  was  ex- 
amined with  particular  care.  From  the  experiments  of 
Fourcroy,  it  appears  to  approach  nearest  to  extractive  iu  its 
properties. 

Its  colour  is  reddish-brown,  and  its  taste  very  bitter. 
When  dry  it  appears  block,  is  very  brittle,  and  breaks  with 
a  vitreous  fracture.  It  is  insoluble  in  cold  water,  but  dis- 
solves very  readily  in  that  liquid  when  heated,  precipitating, 
however,  in  part,  as  the  water  cools.  But  if  one  part  of 
it  be  dissolved  in  24  parts  of  hot  water,  no  portion  of  it 
precipitates.  If  lime  water  be  dropped  into  this  solution, 
it  throws  down  a  reddish  powder,  redissolvcd  by  the  addi^ 


Ikm  of  ft  flaffiaoDt  qSuttitjr  of  water.  Muriatic  add  pre-  Chip.  ll. 
dpitalet  nothing  firomthiiiolution.  The  brown  matter  dia*  ^"""^v*^ 
acrites  readily  in'*aIcohol,  if  it  be  previously  reduced  to 
powder.  When  distilled  it  gives  out  carbonic  acid  and 
inflammable  air,  water  impregnated  with  pyromucousacid^ 
and  a  quantity  of  oil  The  watery  portion  contains  like- 
wise ammonia.  The  charry  residue  is  yery  bulky,  ten 
times  as  much  so  as  the  original  matter. 

When  chlorine  gas  is  passed  through  this  extractiTe 
substance  dissolved  in  water,  it  becomes  immediately 
reddish,  and  then  a  precipitate  of  the  same  colour  gra- 
dually falls.  This  precipitate  possesses  exactly  the  pro- 
perties of  the  red  powder  obtmned  from  the  decoction  of 
the  bark ;  a  proof  that  this  red  powder  is  merely  the  brown 
extractive  altered  in  its  properties  by  the  absorption  of 
oxygen.  If  the  current  of  chlorine  gas  be  continued, 
the  whole  liquor  gradually  loses  its  colour,  and  the  preci- 
pitate also  becomes  a  pale  yellow.  If  it  be  separated  in 
this  state  by  filtration,  it  assumes  the  appearance  of  gam- 
boge. Alcohol  dissolves  it,  but  not  a  mixture  of  alcohol 
and  water.* 

2.  Bark  of' dnchtma  officinalis, — This  tree  grows  inpemTim 
Quito ;  it  is  confined  to  die  high  grounds,  and  when  strip-  ^^' 
ped  of  its  bark  soon  dies.  There  are  three  difierent  kinds 
of  bark  to  be  found  in  commerce,  but  whether  they  be  all 
obtained  from  th^  same  trees  is  not  known ;  the  contrary 
is  probaUe.  Hie  following  are  the  most  remarkable  of 
these  varieties. 

Red  Peruvian  bark, — This  bark  is  usually  in  large  piecesi  i.  Red. 
and  is  redudble  to  powder  with  more  ease  than  the  pre- 
ceding.   Its  powder  ia  reddish-brown,  and  has  a  slightly 
bitter  taste,  with  a  good  deal  of  astringency.    We  are 
indebted  to  Fourcroy  likewise  for  the  analysis  of  this  bark* 

Water  in  which  the  powdered  bark  is  macerated,  ac- 
quires the  property  of  reddening  vegetable  blues,  and  con- 
^ns  a  portion  of  dtric  acid,  some  muriate  of  ammoniay 
and  muriate  of  lime.  When  576  parts  of  the  bark  are 
boiled  repeatedly  in  water  till  that  liquid  ceases  to  have  any 
action  on  it,  the  water  actjuires  a  reddish  orange  colour, 
and  when  evaporated  to  drj'ncss  leaves  a  residue  which 

*  Foureroj,  Anr«  de  Cbim.  viiu  ISO. 
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Book  IV.  amouiits  to  88  parts.  This  contains  a  small  portion  of  the 
^"*v^  add  and  salts  just  mentioned,  bat  consista  chiefly  of  a  mat- 
ter which  possesses  nearly  the  properties  cf  extractive. 
"When  the  residual  bark  is  treated  widi  a  suflBident  quantity 
of  alcohol,  that  liquid  takes  up  24  parts  of  a  substance 
which  has  a  red  colour,  and  appears  intermediate  between 
resin  and  extractive.  The  residue  of  the  bark  possesses 
the  properties  of  woody  fibre.  When  burnt  it  leaves  twelve 
parts  of  a  grey  ash,  consisting  of 

Carbonate  of  potash  • .  •  •  1*9 

Muriate  of  potasli  0*6 

Sulphate  of  potash  ...•••  0*5 
Carbonate  of  lime 9*0 

12*0 

Such  is  the  result  of  Fourcroy's  analysis.*  Subsequent 
experiments  have  detected  a  portion  of  resin  and  of  bitter 
princq)le.  The  presence  of  tannin  in  smaU  quantity  was 
indicated  by  the  property  which  the  decoction  showed  of 
striking  a  black  with  sulphate  of  iron.  The  bitter  prin- 
ciple seems  to  belong  to  the  second  species,  or  diat  which 
was  first  observed  in  coffee. 

%.  Yellow.  Yellow  Peruvian  bark. — This  species  of  bark,  first  brought 
into  use  in  this  country  about  the  year  1790,  has  not  yet 
been  subjected  to  a  rigorous  analysis ;  but  its  constituents 
do  not  appear,  from  the  trials  whicli  have  been  made,  to 
differ  nuicli  from  those  of  the  red  species.  M.  Dechamps, 
has  published  a  method  of  extracting  from  it  a  consider- 
able quantity  of  an  undescribed  salt  with  base  of  lime, 
which  Vauciuelin  has  shown  to  be  kinate  of  lime.  It  13 
white,  and  crystallizes  in  plates.  The  process  consists  in 
macciating  the  bark  in  a  sufficient  quantity  of  cold  water, 
in  concentrating  the  liquid,  and  setting  it  aside  to  spontane- 
ous evaporation.  ITie  crystals  gradually  separate,  and  are 
purified  by  repeated  crystallizations.  The  quantity  pro- 
cured amounts  to  about  seven  parts  for  every  hundred  of 
bark  enij)l()yed.* 

a.  We.  Pale  Peruvian  bark. — This  is  the  common  variety  of  the 

bark.     It  has  not  yet  been  subjected  to  a  correct  chemical 
analysis.     Its  taste  is  astringent  and  bitter,  and  very  dis- 

•  Ann.  cle  Chiin.  viii.  174.  t  Aun.  de  Chim.  xlviii.  6^ 
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i^reeible.  It  is  suppesed  to  contain  bitter  principle^  tatinin,  chap.  ill 
extractive^  and  resin.  Besides  theses  it  contains  a  principle  ^^'v*^ 
fint  pointed  out  by  Seguin,  and  upon  which  Dr.  Duncan 
junior  published  some  experiments.*  It  is  distinguished 
by  the  property  of  precipitating  infusion  of  galls ;  but  as 
this  property  is  common  to  a  considerable  number  of  sub* 
stances,  it  is  not  sufficient  alone  to  characterize  it 

S.  Bark  qfcifwhona  Carribcea. — This  bark  was  first  made 
known  by  Dr.  Wright,  who  published  a  botanical  descrip- 
tion of  the  tree,  with  a  figure,  in  the  Philosophical  Trans- 
tions;t  and  an  account  of  tlie  medicinal  properties  of  the 
bark  in  the  London  Medical  Journal  for  1787.t  A  de- 
scription of  a  tree  to  which  the  same  name  is  given,  together 
with  a  chemical  analysis  of  the  bark,  was  published  in  the 
Journal  de  Physique  for  1790§  by  M.  Vavasseur;  but  it  is 
not  quite  certain  that  the  plants  are  the  same. 

4.  Vauquelin  has  examined  all  the  different  species 
of  cinchona,  or  Peruvian  bark,  which  he  could  procure,  in 
order  to  determine^  if  possible,  how  far  they  differ  from 
each  other,  and  what  the  constitoents  are  that  act  as  febri- 

They  may  be  divided  into  three  sets:  Species  of 

I.  The  infusions  of  the  first  set  precipitate  the  infusion  ^^^^' 
of  nutgalls,  but  not  that  of  glue. 

II.  The  infusions  of  the  second  set  precipitate  glue^  but 
but  not  the  infusions  of  nutgalls. 

III.  The  infusions  of  the  third  set  precipitate  at  once  glue^ 
nutgalls,  and  tartar  emetic. 

The  following  table  exhibits  the  effects  of  tlic  different 
reagents  upon  all  the  barks  tried.  As  Vauquelin  has  not 
given  the  botanical  name  in  all  cases,  it  is  difficult,  not- 
withstanding his  descriptions,  to  ascertain  the  real  names 
of  the  different  species  tried.  Indeed,  there  is  reason  to 
believe  that  the  same  species  occur  in  different  parts  of  the 
table  under  different  names : 

*  Nicholaoirs  Jour.  Txi.  226.  f  Vol.  Ixvii.  p.  504. 

I  Vd.  viii.  239.  $  Vol.  xxxvii.  p.  241. 

y  Add.  de  China,  lix,  113. 
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Croton. 


Bnfci. 


Yellow  bark \  . 

Quinquina  of  S**  Fe  . 
Grey  quinquina  .    . 
Quinquina  griscanelle 

Red  quinquina 

Grey  quinquina. 
Quinquina  gris  plate 
Cinchona  pubescens . 
Cinchona  officinalis. . 
Cinchona  magnifolia 
Quinquina  pitton  vrai 


PieciplUte 

Firdpttatobf 

by  die. 

Uanln. 

White. 

Reddish. 

Copious. 

White. 

Ditto. 

Brown. 

0 

Red. 

0 

White. 

Yellow, 

0 

0 

Yellow. 

0 

Ditto. 

Copious. 

6 

0 

Copious. 

Ditokytetv 


Copious. 

0 

White. 

o 

Yellowish  white. 
Ditto. 

0 
Yellowish  white. 

0 

o 

Cbpious. 


Barks  brought  from  Peru  by  Humboldi* 


Quinquina  of  Loxa . . 
Quin.  white  of  S**  Fe 
Qnin.  yellow  of  S.  Fe 
Quin.  red  Q«  &' F^  • . 
Q.  yellow  of  Cuenga 
Quinquina,  ordinary . 
Infusions  of  nntgalls. . 

Oak  bark 

Cherry-tree  bark .... 


Copious. 

0 

0 
Copious. 

0 
Copious. 
Copious. 
Ditto. 

0 


Copious. 

0 
Copious. 

0 

0 
Copious. 


CopiooSi 

0 
Copious. 

0 

0 
Craious. 
Yellow  whiter' 

0 

0 


All  the  barks  strike  a  green  with  iron^  and  the  most  of 
them  precipitate  it  of  that  colour. 

The  substance  in  these  barks  which  precipitates  tannin 
has  a  brown  colour  and  a  bitter  taste ;  it  is  less  soluble  in 
water  than  in  alcohol.  It  precipitates  tartar  emetic,  but 
not  glue.  It  has  some  resemblance  in  its  properties  to  the 
resins,  though  it  gives  out  ammonia  when  distilled. 

5.  Bark  of  croton  eUutlinia. — This  bark  constitutes  the 
eleutheria  and  c.tscariUa  of  the  shops.  It  is  usually  in 
rolled  pieces,  and  lias  some  resemblance  to  Peruvian  bark- 
It  has  an  aromatic  smell,  and  an  agreeable  bitter  taste. 
AVhen  burnt  it  emits  an  aromatic  odour  resembling  that  of 
musk.  For  the  only  chemical  analysis  of  this  bark  hitherto 
published  we  are  indebted  to  Professor  Tronunsdorf; 
4696  parts  of  it  yielded  him  the  following  products.* 

*  Ann.  deChim.  xxii.  219. 
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Mucilage  and  bitter  principle    864  )Mirta  Chap.  li. 

Resin 688  "^-^ v— ^ 

Vdatileoil 72 

Water -. 48 

Woody  fibrea 3024 

4696 

6.  Bark  of  the  white  wiliow  {salix  alba), — ^Tbe  bark  of  whhewii- 
this  tree,  which  is  common  enough  in  Scotland,  is  remark-  ^^' 
able  fer  its  astringent  taste^  and  has  been  often  used  in  in- 
termittents  by  the  common  people.     It  has  lately  been  pro- 
posed by  Bouillon  La  Grange  as  an  excellent  substitute  for 
Peruvian  bark ;  being  composed,  according  to  him,  of  the 

very  samie  constituents  to  which  that  bark  owes  its  rnedi-^ 
cinal  virtues.  A  very  superficial  examination,  however, 
may  satisfy  any  one,  that  the  properties  of  the  two  are  very 
far  from  similar. 

The  decoction  of  this  bark  has  a  dark-reddish  colour ; 
and,  according  to  Bouillon  La  Orange^  when  repeated  de- 
coctions are  made  with  the  same  (Mirtion  of  bark,  the  last 
is  always  deepest  coloured*  It  is  precipitated  abundantly 
by  glue,  carbonate  of  potash,  and  carbonate  of  ammonia. 
Lime-water  throws  down  a  precipitate,  at  first  blue,  and 
afterwards  buff^olonred.  Sulphate  of  iron  throws  down  a 
very  dark-green  precipitate.  Alcohol  separates  white  flakes. 
When  evaporated  to  dryness,  a  reddish  britde  substance 
remains^  which  has  a  very  bitter  taste,  and  does  not  attract 
moisture  firom  the  atmosphere^ 

When  alcohol  is  digested  over  this  berk,  it  acquires  ai 
greenish-ydlow  colour.  Hie  tincture  is  rendered  muddy 
by  water.  When  evaporated,  it  leaves  a  brilliant  yelkiw 
substance  of  a  very  bitter  taste,  which  melts  at  a  moderate 
heat,  and  emits  an  aromatic  odour.* 

Hiese  experiments  indicate  the  presence  of  tannin,  bitter 
principle,  extractive,  and  gluten,  in  this  bark. 

7.  Bark  of  quercus  mgra. — This  tree,  to  which  the  name  Gucicitioa. 
of  querdtran  has  been  given,  grows  spontaneously  in  North 
America.    Dr.  Bancroft  discovered,  about  the  year  17849 

that  the  inner  bark  of  this  tree  contains  a  great  quantity  of 
colouring  matter;  and  since  that  time,  it  has  been  very 

*  Ann.  dc  Cbim.  It?.  990w 
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Book  IV.  generally  used  by  the  dyers.  To  prepare  it  for  them,  the 
epidermis  (which  contains  a  brown  colouring  matter)  is 
shaved  off,  and  then  the  bark  is  ground  in  a  mill.  It  sepa- 
rates partly  into  stringy  filaments,  and  partly  into  a  fine 
light  powder. 

Quercitron  bark  readily  gives  out  its  colouring  matter  to 
water  heated  to  the  temperature  of  100^.  At  that  heat 
water  dissolves  about  -yVth  of  the  bark  employed.  The  in- 
infusion  has  a  yellowish-brown  colour,  and  is  rendered 
h'ghter  by  acids,  and  darker  by  alkalies.  Alum  occasions 
a  scanty  precipitate  of  a  deep-yellow  colour ;  muriate  of 
tin  a  copious  bright-yellow  precipitate ;  sulphate  of  iron  a 
dark-olive  precipitate;  and  sulphate  of  copper  a  precipitate 
of  a  yellow  colour,  inclining  to  olive.*  From  these  ex- 
periments it  is  obvious,  thai  the  colouring  matter  of  this 
bark  is  a  species  of  extractive.  The  other  ingredients  have 
not  been  examined. 
Horse  chcs-  8.  Bark  of  the  €Bsadus  hippooastanum. — The  bail  of  this 
""^'  tree^  which  forms  so  fine  an  ornament  in  parks  and  avenues, 

has  lately  been  proposed  in  Paris  as  a  remedy  in  intermit- 
tents,  and  a  set  of  observations  on  it  have  been  published 
by  Mr.  Henrj'.f  Water  or  moderately  strong  spirits  are 
tlie  best  solvents  of  it.  Strong  alo^ol  dissolves  but  little. 
The  watery  infusion  has  a  fawn  colour  and  a  bitter  taste^ 
without  astriiigency.  It  is  precipitated  abundantly  by  gela- 
tine, and  simringly  by  acids.  It  precipitates  iron  green. 
With  nitrate  of  mercury  it  forms  a  copious  precipitate. 
The  infusion  of  nutgalls  and  tartar  emetic  produce  no  effect 
upon  it.  From  these  properties  it  is  obvious  that  it  difiers 
entirely  in  its  constituents  froui  the  diilerent  species  of  cin- 
chome  examined  by  Vauquelin. 
Cinnamon.  9.  Cinnamon. — This  is  tlie  inner  bark  of  the  laurus  cwi- 
fiamommn^  a  tree  which  grows  chiefly  in  Ceylon,  where  it 
U  cultivated  for  tlie  bark. 

This  has  a  reddish-brown  colour,  and  consists  of  long 
rolled  pieces  which 'break  into  splinters.  It  has  a  very 
pleasant  aromatic  smell,  and  a  pungent  but  agreeable  taste. 
Its  properties  arc  owing  entirely  to  the  volotile  oil  which  it 
contains.     This  oil  may  be  separated  by  iniusing  the  bark 

*  Berthollct,  Elemcns  de  l*Art  de  la  Teinture,  ii.  262. 
t  Ann.  de  Chiiu.  Ixvii.  'ZOo. 
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in  alcohol,  and  then  separating  the  alcohol  from  the  oil  by  Chap.ii. 
distillation.  It  has  a  whitish-yellow  colour,  and  an  ex- 
tremely pungent  taste  and  smell.  The  quantity  yielded  by 
cinnamon  is  yery  small.  From  16  ounces  of  Wk,  Neu- 
mann obtained  only  two  scruples  and  a  half  of  oil.  When 
wiUer  is  distilled  off  tliis  bark,  it  comes  over  milky,  from 
the  accompanying  oil,  which  it  retains  with  great  obstinacy; 
very  little  separating  till  the  mixture  has  stood  a  very  con* 
sidmible  dme.* 


SECT.  VI. 

OF  LEAVES. 


The  leaves  of  plants  bear  a  greater  resemblance  to  each 
other  than  any  of  the  parts  already  treated  of.  They  are 
covered  only  with  an  epidermis ;  the  cortical  layers  of  the 
bark  being  wanting.  Bdow  the  epidermis  is  a  pulpy  matter, 
usually  green,  which  contains  a  resinous  substance  and  a 
portion  of  gluten.  Below  this  is  the  fibrous  matter,  or  Properties. 
rather  the  vessels  which  form  the  oudine  of  the  leaf.  Alco- 
hol extracts  the  green  colouring  matter  of  leaves,  and  so  do 
oils  but  not  water.  It  is  remarkable,  that  even  those  leaves 
which  are  not  green  still  give  a  green  tincture  to  alcohol. 
The  green  colour  soon  fiides  when  exposed  to  air,  either 
in  solution,  or  separated  by  evaporation.t  Many  leaves 
give  a  jdlow  colour  to  doth,  which  may  be  fixed  by  means 
of  alum.  Hence  the  much  greater  number  of  yellow  dyes 
than  of  any  other  colour.  The  leaves  of  woad  (reseda  tu^ 
ieola)  are  those  which  give  the  finest  yellow,  and  they  are 
much  employed  by  the  dyers  on  that  account 

No  extensive  series  of  chemicid  experiments  having  hi- 
therto been  made  upon  leaves  in  general,  I  must  satisfy 
myself  with  noticing .  the  few  specimens  which  have  been 
examined  by  chemists.  The  following  are  the  most  re^ 
maikable  of  these. 

1»  Senna. — This  drug,  much  used  in  medicine  as  a  mild  Senna. 
purgative,  is  composed  of  the  leaves  of  cassia  senna^  a  small 
shrub  which  grows  chiefly  in  Egypt,  from  which  country  it 

•  Neunuum's  Cbtraifttrj,  p.  402.     t  Lewis,  Netmann's  Chein.p.  434. 
VOL.  IV.  R 
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Book  IV.  is  imported  into  Europe.    It  has  been  chemjolly  examined 
by  Bouillon  La  Grange. 

The  leaves  are  lanceolate,  of  a  yellowidb-greea  cxdoar ; 
an  aromatic  and  somewhat  disagreeable  odour,  and  a  bitter 
taste.  Steeped  in  water,  senna  communicates  to  that  Uquid 
its  peculiar  smell  and  taste,  and  a  reddish-brown  colour. 
The  strong  mineral  acids,  oxalic  acid,  and  the  alkaline  car- 
bonates, throw  down  a  precipitate ;  so  do  baryta  water,  and 
the  nitrates  of  mercury,  silver,  and  lead.  The  infiBion  of 
galls  strikes  a  yellowish-buff  colour,  and  throws  down  a 
slight  precipitate.  Alcohol  throws  down  a  precipitate, 
which,  if  we  believe  Bouillon  La  Grange,  is  composed  of 
about  5  parts  of  carbonate  of  lime  and  1  part  of  silica.*  The 
residual  liquor  contains  extractive,  with  some  salts,  whose 
bases  are  potash  and  magnesia. 

When  the  infusion  is  exposed  to  the  air,  a  substance 
precipitates  firom  it.  A  precipitate  is  obtained  also  by 
chlorine.  This  precipitate  is  of  a  lemon-yellow  colour, 
insoluble  in  water,  has  a  bitter  taste,  dissolves  in  alo^l 
and  alkalies^  and,  in  short,  possesses  the  characters  of 
rdsin. 

The  chief  matter  taken  up  from  senna  by  water  is  a  pe- 
culiar extractive,  which  is  converted  into  a  species  of  resin 
by  the  absorption  of  oxygen ;  to  this  substance  the  qualities 
of  senna  are  owing.  If  we  believe  Bouillon  La  Grange^  its 
activity  depends  upon  its  absorbing  oxygen. 

A  hundred  parts  of  water  boiled  on  senna  are  sufficient 
to  deprive  it  of  all  the  soluble  matter  which  water  is  capable 
of  extracting.  Alkali  separates  from  tlie  residue  a  portion 
of  matter  similar  to  the  extractive,  altered  by  exposure  to 
the  air.  The  leaves  are  now  green,  and  give  out  a  green 
matter  to  alcohol.  This  substance  is  insoluble  in  water 
and  alkalies,  and  is  whitened  by  chlorine^  and  rendered 
less  soluble  in  alcohoL  These  properties  indicate  a  pecu- 
liar substance.  244*6  parts  of  senna  yield  to  these  different 
menstrua  79'6  parts,  or  rather  more  tlion  -^d  of  soluble 
matter.     When  the  watery  infusion  of  senna  is  evaporated 

•  I  do  not  clearly  understand  this  part  of  the  analysis.  ITie  precipi- 
tate is  stated  to  be  partly  soluble  in  water  and  alcohol,  and  yet  to  be  ob- 
tained by  alcohol,  lliese  characters  surely  do  not  apply  to  carbonate  of 
lime  and  silica. 
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to  drjneflSi  and  the  residue  burnt,  it  yields  potash,  sulphate  Chtp.  n. 
cf  potash,  carbonate  of  lime,  magnesia,  and  silica.*  ^-^y^^mm/ 

S.  Ifbrmwood. — This  is  the  leaves,  and  likewise  the  stalks  wonn- 
and  flower-tops  of  the  artemisia  ebsynthiumj  a  planf  which  ^"^^^ 
grows  wild  in  many  parts  of  Britain.  Wormwood  has  a 
strong  smell,  rather  disagreeable,  and  an  intensely  bitter 
taste.  Its  smell  is  owing  to  a  volatile  oil  which  it  contains. 
It  contains,  besides,  a  considerable  portion  of  bitter  princi- 
ple* No  late  analysis  of  wormwood  has  been  made.  The 
last  is  that  of  Kuusmuller,f  who  obtained,  by  water,  from 
12  parts  of  wormwood,  the  following  products : 

Resin 0*48 

Muriate  of  potash 0*12 

Vegetable  acid 0*50 

Ditto  combined  with  potash . .  2*14 

d-24 

The  residue^  after  the  action  of  water,  being  burnt,  left  an 
ash,  which,  from  12  ounces  of  wormwood,  contained  the 
fidlowing  substances : 

Muriate  of  potash  •  •  3  grains 

Sulphate  of  potash  •  1 

Carbonate  of  lime   •  59 

Alumina 5 

Sulphate  of  lime    .  •  5 

SiUca 4 

Oxide  of  iron 3 

3.  Tobacco. — This  substance  is  formed  fi'om  the  leaves  of  Tobacco, 
the  nicoiiana  tabacumy  a  plant  which  is  a  native  of  Virgi- 
nia, where  it  is  cultivated  very  extensively  for  the  purposes 
of  commerce.  Its  name  was  given  it  from  Tabaco,  a  pro- 
vince of  Mexico,  where  it  was  first  observed,  and  whence  it 
was  originally  brought  to  Europe.^ 

Tobacco,  when  properly  cured,  has  a  yellowish-green 
colour,  a  strong  and  rather  unpleasant  smell,  and  a  very 
acrid  taste.  When  burnt  it  emits  a  strong  odour,  which  to 
many  is  peculiarly  gratefuL  Wlien  swallowed,  it  acts  very 
violently  upon  the  system;  and  when  taken  in  sufficient 

•  Ann.  de  Chim.  xxvi.  3.  f  Ibid.  vi.  35. 

t  For  a  detailed  account  of  the  culture  and  manaf^ment  of  tobacco, 
see  Tatbam's  Essay  on  its  cdtore  and  oonnerce,  published  in  1800. 
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Bookiy.  quantity,  proves  fiital.    VauqueUn  subjected  the  leaves  of 
^^*"v*^  difierent  species  of  mcotiana,  particularlj  the  kuifoliaf  to 
analysis.     The   expressed  juice  contained  the  foUowing 
substances : 

A  considerable  quantity  of  vegetable  albumen  or  gluten. 

Supermalate  of  lime. 

Acetic  acid. 

A  notable  quantity  of  nitrate  and  muriate  of  potash. 

A  red  matter  soluble  in  alcohol  and  water  whidi  swells 
considerably  when  heated. 

Muriate  of  ammonia. 

Nicotin. 

Green  fecula  composed  chiefly  of  {^uten,  gte^  resin,  and 
"woody  fibre.* 
Asparagus.  4.  Asparagus. — This  plant  has  been  analysed  by  Robi- 
quet  I  place  the  result  here  rather  than  any  where  else^ 
because  the  whole  plant  was  employed,  and  the  leaves  con- 
stitute the  principal  part  of  it 

M.  Robiquet  reduced  the  asparagus  to  the  state  of  a  pulp, 
and  separated  its  juice  by  expression.  A  fecnlous  matter 
was  separated  from  this  juice  by  filtration.  Boiling  alco- 
hol dissolved  a  portion  of  this  fecula,  and  left  matter  which 
possessed  the  properties  of  gluten.  As  the  alcohol  cooled, 
a  portion  of  wax  precipitated.  The  alcohol,  by  evapora* 
tion,  left  a  green  acrid  matter,  intermediate  in  its  properties 
.  between  resin  and  volatile  oil. 

The  filtered  juice  had  the  appearance  of  wh^,  and  red* 
dened  the  infiision  of  litmus.  When  heated  it  deposited 
flakes,  which  were  considered  by  Robiquet  as  albumen. 
When  left  for  a  long  time  to  evaporate  in  the  open  air,  a 
quantity  of  asparagin  and  of  saccharine  matter,  havii^  the 
appearance  of  manna,  separated  in  crystals.  The  juice  was 
inspissated,  and  treated  with  alcohol.  A  portism  dis« 
solved ;  the  residue  was  dissolved  in  water. 

The  alcoholic  solution,  when  treated  with  sulphuric  acid, 
and  distilled,  yielded  vin^^.  When  this  solution  was 
evaporated  to  dryness  and  burnt,  the  ashes  consisted  of  po- 
tash, carbonate  of  lime,  and  phosphate  of  potash  and  of 
lime.  Hence  it  was  probable  that  the  acetic  add  was  com« 
bined  with  potash  and  lime. 

*  Aan.  ds  Chim,  \smL  139. 


Tie  watery  solution  reddened  v^netabl^  blaes.    The  in-   Chap.  n. 
fudon  of  nutgalls  throws  down  a  precipitate  from  this  solu-  ^'^■n^*^ 
tioiL    The  residue  contains  a  peculiar  extractive  matter  and 
a  colouring  matter;   and  doubtless,  also,  asparaj^n  and 
sugar. 

Such  i»  the  result  of  Robiquet's  very  ingenious  and  in- 
teresting analysis  of  this  substance.* 

5.  Atropa  beUadonOj  deadly  nighistiode. — The  leaves  of  Deadly 
this  plant  have  been  examined  by  Melandri.    He  found  "^K**"*****- 
in  them   oxalate  of  magnesia  with   excess  of  acid,  oxa^ 

late  of  lime,  muriate  of  potash,  a  soft  green-coloured  resin, 
mucus,  extractive,  and  a  substance  which  Melandri  called 
animid  extractive^  no  doubt  analogous  to  gluten  or  albumen.t 
The  leaves  of  this  plant  have  been  examined  likewise  by 
Vauquelin.  He  obtained  from  them  the  following  consti- 
tuents : 

(1.)  Vegetable  albumen,  or  gluten. 

(2.)  A  bitter  nauseous  substance,  which  constitutes  the 
narcotic  part  of  the  plant     ' 

(3.)  Nitrate^  muriate,  sulphate,  superoxalate,  and  acetate 
ofpotash.t 

6.  Rheum  pahnatum^  rhubarb. — The  leaves  of  this  plant  Rhubarb, 
have  been  lately  examined  by  Bouillon  La  Grange,  who 
fixmd  them  to  contain  a  considerable  quantity  of  super- 
oxalate of  potash  and  of  malic  acid.$ 

7.  Isatis  tinctoriaf  tuoad. — The  leaves  of  this  plant  Woad* 
have  been  subjected  to  analysis  by  Chevreul.  The  ex- 
pressed juice^  separated  by  filtration  from  the  green  fecula^ 
with  which  it  was  mixed,  deposited  on  standing  a  blue 
powder,  which  possessed  the  properties  of  indigo.  When 
heated,  white  flocks  separated,  consisting  no  doubt  of  |^/tt/af« 
When  distilled,  the  liquid  that  came  over  yielded  traces  of 

9l  volatile  oil^  of  ammonia  J  and  of  sulphur.  When  distilled 
with  sulphuric  acid,  the  liquid  that  came  over  contained 
acetic  acid  and  pmssic  add.  Evaporated  to  dryness,  and 
digested  in  alcohol,  it  yielded  to  that  liquid  a  quantity  ^df 
natter  described  in  the  last  Chapter  of  this  Work,  under 
Ae  Section  entitled  Of  Indigo  by  the  name  of  green  matter. 

•  Aim.  de  China.  Iv.  152.  +  Ibid.  hr.  22$. 

:  XlwL  Uziit  53.  S   Ibid.  IxTii.  91. 
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Book  iv*^  It  yielded  also  a  yellow-coloured  extractive,  and  the  fellow- 

ing  salts;  nitrate qf  poiask^  muriate  rf  ammema^  acetate  t^ 

potash,  muriate  of  potash^  and  pure  acetic  acUL    The  residue 

thus  deprived  of  the  substances  soluble  in  alcohol  eonnsted 

cS  guMj  yellow  extractive,  supermalate  of  lime,  sulphate  of 

lime,  and  a  salt  which  Chevreul  considered  as  cUraie  ^  Ikme- 

and-magnesia.      The   greeu  fecula  being  examined,  was 

found  to  consist  c£  greetb^oohured  resin,  wax,  ind^o,  gluiert, 

and  woody  fibre.    The  dry  matter  of  the  leaves,  from  which 

the  juice  had  been  expressed,  yielded  woody  Jlbre,  green 

resin,  tvax,  indigo,  nitre,  a  red^-coloyfed  matter,  malate  of  lime, 

and  traces  of  some  other  salts.* 

Indigofeis       8.  The  leaves  of  the  indigqfera  anil,  examined  by  the 

*^*'  same  chemist,  yielded  the  same  products  with  the  isads,  but 

the  quantity  of  indigo  obtained  was  mudi  greater.f 
A^tho-         9.  The  leaves  of  the  agathophyllum  ravensara  wers  found 
Tann!'^  by  Vauquelin  to  contain  an  oil  similar  to  the  oil  of  cloves, 

gum,  and  carbonate  of  lime4 
Gntioiaof-  10.  Gratiola  officinalis, — This  plant  was  found  by  Vau- 
ficinalit.  quelin  to  contain,  1.  A  brown  gummy  matter,  2.  A  resin- 
ous matter,  diflfcring  from  other  resins  in  being  soluble  in 
hot  water ;  but  much  more  soluble  in  alcohol  than  in  water, 
and  having  a  very  bitter  taste.  It  is  in  this  substance  that 
the  purgative  quality  of  the  plant  resides.  3.  A  small  quan- 
tity of  animal  matter.  4.  Common  salt  in  considerable 
quantity,  and  another  salt  which  is  probably  malatc  of 
potash.  It  contained  likewise  oxalate  and  j^iosphate  of 
lime  and  oxide  of  iron  probably  united  to  phosphoric  acid.f 
Menianthes  11.  Meniantkes  trifoliata^'^This  plant  was  analysed  bv 
trifoliata.  Trommsdori;  The  fresh  plant  consiste  of  75  parts  of 
moisture  and  25  of  solid  matter.  The  expressed  juice, 
when  boiled,  lets  fall  green  flocks  composed  of  75  parts  of 
vegetable  albumen,  and  25  of  green  resin.  The  liquid  con- 
tains disengaged  malic  acid,  acetate  of  potash,  and  a  pecu- 
liar matter  which  is  precipitated  by  tannin,  but  not  coagu- 
lated by  heaty  and  which  is  soluble  in  alcohol.  It  contains 
likewise  a  bitter  extractive  matter,  a  brown  gum,  and  a 
quantity  of  inuliu.|| 

•  Ana.  de  Chim.  Ixviii.  284.  f  Ibid.  p.  305. 

:  Ibid.  Ixxiii.  306.  §  Ibid.  Ixxii.  191.  ||  Hud.  Izxx.  330. 
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12.  Qmhim  olsmceo.— An  elaborate  analysifl  of  this  plant  Cbap.  IL 
has  been  puUished  by  Schrader.  One  thousand  grains  of  it  ^"""Y"^ 
yielded  the  fidlowing  constituents :  dlencoi. 

Extractive 27*3 

Gum 35*2 

Resin 1*5 

Vegetable  albumen   • ...     3*1 
Green  fecula  •  • .  • « 8*0 

75-1* 

1 3.  Brassica  oleracea, — Schrader   obtained    from   1000  Bressica 
grains  of  this  plant  the  following  substances :  oiencca. 

Extractive 23*4 

Gum 28*9 

Resin  0*5 

Vegetable  albumen  ••••    2*9 
Graen  fecula 6*3 


62-0 1 


SECT.  VII. 

OF  FLOWERS. 


Thjb  flowers  of  vegetables,  on  account  of  the  great  variety 
and  beauty  of  their  colour,  attracted  at  an  early  period  the 
nUeatioa  of  dyers  and  painters;  but,  upon  trial,  few  have 
been  found  capable  of  yielding  serviceable  materials  fiir 
either  of  these  artists.  The  blue-coloured  flowers,  in  general.  Blue  flow- 
readily  give  out  their  colour  to  water ;  though  there  are  ^'^ 
tome  fi^m  which  water  gains  only  a  reddish  or  purplish 
hue.  Scarcely  any  give  a  blue  colour  to  alcohol :  some 
give  a  red  colour  to  that  liquid,  and  some  no  colour  what- 
ever.]: The  expressed  juice  of  most  of  these  flowers  is 
Uue.  This  colour  is  changed  into  red  by  all  acids,  and  into 
green  by  all  alkalies  and  alkaline  earths. 

The  nature  of  the  colouring  matter  of  these  flowers  is 


*  Schweigger's  Jour.  t.  19.  f  Ibid, 

t  Lewis,  Neumaiin's  Cbem.  p.  430. 
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Book  IV.  still  unknown.    But  whatever  it  be,  it  is  of  a  very  perish- 

^*v""^  able  nature;  for  the  flowers  cannot  be  dried  without  losing 
their  colour  almost  entirely*  The  more  rmpidly  th^  are 
dried,  and  the  more  completely  the  air  is  excluded,  the 
more  of  their  colour  they  retain :  but  even  after  that,  they 
mostly  lose  it  altogether,  and  become  white  or  yellow.  The 
expressed  juice  gradually  becomes  purple,  and  soon  fades 
altogether.  Even  when  reddened  by  acids,  these  juices 
soon  become  purple,  and  at  last  colourless.  The  grein 
colour  induced  by  alkalies  gradually  changes  to  a  yellow, 
which  has  some  permanence.* 

Ued.  The  colour  of  the  red  flowers,  in  general,  is  scarcely  more 

permanent  than  the  blue.  They  all  give  out  a  red  colour 
to  water.  The  pale-red  and  purple  flowers  scarcely  tinge 
alcohol;  resembling  in  this  respect  the  blue  flowers,  to 
which  indeed,  in  point  of  colouring  matter,  they  seem  to 
approach  very  nearly.  The  flowers,  which  have  a  full  red 
colour,  give  a  deep-red  tincture  to  alcohol ;  the  pale-red  are 
tinged  green  by  aJkalics,  and  their  red  heightened  by  acids, 
like  the  blue  flowers ;  but  this  is  not  the  case  with  the  fuU 
red  flowers.t 

Yellow.  The  colour  of  the  yellow  flowci*s,  whether  pale  or  deep, 

is  much  more  durable.  They,  in  general,  dry  very  well, 
and  give  out  tlieir  colouring  matter  both  to  water  and  alco- 
hol. When  wool  or  silk  is  previously  impregnated  with 
alum  and  tartar,  it  receives  a  durable  yellow  colour  when 
boiled  with  yellow  flowers.  Some  of  them,  indeed,  appear 
to  be  used  by  dyers  for  this  purpose.  Neither  acids  nor 
alkalies  destroy  the  yellow  colour  of  flowers,  though  both 
alter  its  shade;  the  acids  rendering  it  paler,  and  the  alkalies 
deeper.  Alum  likewise  heightens  the  colour,  though  not  so 
much  as  alkalies.^ 

White.  Even  white  flowers  are  by  no  means  destitute  of  colouring 

matter.  Many  of  them  strike  a  green  with  alkalies,  though 
acids  do  not  turn  them  red.  Some  of  them  seem  to  contain 
the  same  colouring  matter  as  yellow  flowers.  Thus  tlie 
petals  of  the  convolvulus  septum^  though  white,  give  a  deep- 
yellow  or  orange  colour  to  water,  which  is  rendered  paler 
by  acids,   and  heightened  by  alkalies  and  alum.      Tlie 

•  Lewis,  Neumann's  Cbem.  p.  431.  t  Ibid.  Ibid. 


Taponn  of  sulphurous  acid  do  not  alter  white  .flowers^   Chap>  IL 
though  they  destroy  the  colour  of  all  others.* 

For  these  curious  observations  on  the  colours  of  flowers, 
we  are  indebted  to  Dr.  Lewis.  Most  of  them  contain  a 
peculiar  volatile  oil,  to  which  they  owe  their  smell.  Their 
other  constituents  remain  still  unknown,  as  few  of  them 
have  been  subjected  to  chemical  analysb.  The  following 
are  the  species  which  have  hitherto  attracted  the  attenlion 
of  chemists  or  artists : 

1«  Flowers  of  the  carthamus  tinctorius. — Tliis  is  an  annual  Carthimus 
plant,  cultivated  chiefly  in  Egypt  for  the  sake  of  the  flowers.  ^»n«°"«»* 
The  petals  are  origindly  of  a  fine  red,  but  lose  much  of 
their  colour  on  drying.     It  is  from  this  substance  that  the 
rouge^  or  red  pigment,  employed  by  the  ladies,  is  extracted; 
When  the  flowers  have  come  to  maturity,  they  are  pulled, 
their  juice  expressed,  the  residue  washed  repeatedly  With 
salt  water,  and  exposed  upon  mats  to  dry.     Care  is  taken 
to  cover  them  from  the  action  of  the  sun  during  the  day, 
and  to  expose  them  to  the  action  of  the  evening  dews,  in 
order  to  prevent  them  from  drying  too  fast    In  this  state 
they  are  brought  to  Europe  under  the  name  of  safflower^ 
and  the  colouring  matter  is  extracted  from  them  by  different 
artists.    The  process  has  been  kept  secret. 

Beckmann  published  a  very  elaborate  set  of  experiments 
on  the  flowers  of  the  carthamus,  in  I774.t  I^ittle  addition 
was  made  to  our  knowledge  of  dus  substance  after  that 
period,  till  1804,  when  Dufour  published  an  exdfellent 
analysis  of  it; :(  and  his  observations  have  been  since  con- 
firmed by  those  of  Marchais.  § 

The  flowers  of  the  carthamus  contain  two  colouring  mat-  Auiysis 
ters :  a  yellow,  which  is  soluble  in  water,  and  has  hitherto 
been  applied  to  no  use ;  and  a  red,  which  is  employed  by 
the  dyers,  &c.  and  which  constitutes  the  pigment  called 
rouge.  The  yellow-colouring  matter  dissolves  readily  iik 
Water ;  but  it  is  very  difficult  by  that  means  to  separate  the 
whole  of  it.  The  method  followed  by  Dufour  was  to  put 
the  carthamus  in  a  linen  cloth,  and  knead  it  continually 
between  the  fingers,  while  a  streamlet  of  water  dropp^ 

*  Lewis,  Neumtnn's  Chem.  p.  432. 

t  In  the  GottiBi^  Transactions  for  that  year. 

^  Ana.  ^eCbini,  }}viii.  283.  §  Ibid.  1. 73. 
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Book  IV.  upon  it  By  continuing  this  procoM^  and  tiien  steeping  it 
'  in  water,  it  assumed  a  fine  red  coloar.  The  Uqoid  which 
passed,  after  being  filtered  to  separate  aome  poitioa  of  the 
carthamus,  and  some  impurities  with  which  it  was  mixed, 
had  a  yellow  colour.  When  heated  to  about  145^,  a  num- 
ber of  flakes  formed  in  it,  consisting  of  albumen,  or  rather 
of  gluten.  These  were  separated  by  filtraticm,  and  the 
liquid  evaporated  to  dryness.  The  extract  obtained  had  a 
ycll6w  colour  and  a  strong  taste.  Water  dissolved  the 
whole  of  this  extract,  except  a  portion  of  brown  matter, 
which  possesses  the  properties  of  resin.  .The  watery  solu- 
tion gives  a  red  colour  to  vegetable  Uues,  and  is  precipi- 
tated abundantly  by  infusion  of  gaUs,  but  not  by  glae. 
Chlorine  destroys  the  yellow  colottr,  and  renders  it  white. 
When  evaporated  to  dryness,  and  treated  with  alcohcd,  a 
pcMrtion  dissolves,  and  a  portion  remains  undissolved.  The 
aduble  portion  is  chiefly  extractive :  the  insoluUe  yellow* 
colouring  matter. 

When  the  residual  carthamus  is  digested  for  a  sufficient 
time  in  alcohol,  that  liquid  assumes  a  brick-red  cohmr* 
When  this  alcoholic  solution  is  sufficiently  concentrated  by 
evaporation,  a  matter  separates  in  grains,  which  has  the 
appearance  of  honey,  and  possesses  properties  analogous  to 
those  of  wax.  Scarcely  any  colouring  matter  could  be 
procured  fi'om  the  alcoholic  solution. 

Dufour,  after  various  unsuccessful  attempts  to  obtain 
the  red-colouring  matter  of  cartliamus  in  a  separate  state, 
at  last  succeeded  by  the  following  process,  founded  on  the 
strong  attraction  between  the  red  matter  and  cotton.  Having 
deprived  the  carthamus  as  nnicli  as  possible  of  its  yellow- 
colouring  matter,  by  means  of  water,  he  macerated  it  for 
an  hour  in  a  weak  solution  of  carbonate  of  soda.  He  then 
decanted  off  this  solution,  put  into  it  a  quantity  of  cotton, 
and  then  dropped  into  it  lemon-juice,  till  the  liquid  ac- 
quired a  fine  cherry-red  colour.  After  standing  24  hours, 
the  liquid  lost  its  red  colour,  the  whole  colouring  mat- 
ter having  united  with  the  cotton  and  dyed  it  red.  The 
cotton  was  taken  out,  and  washed  repeatedly  in  water,  to 
separate  any  of  the  yellow-colouring  matter  which  might 
have  adhered.  It  was  then  put  into  a  very  diluted  solution 
of  carbonate  of  soda.  This  alkali  separated  the  colouring 
matter  from  the  cotton,  dissolved  it,  and  assumed  a  yellow 
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eoloor.    Tbe  tbiton  being  removed,  and  lemon^jnice  drop-  Cfa«^  IL 
ped  into  the  solatton^  a  fine  rose-coloared  powder  gradually 
separated,  and  at  last  precipitated.    This  was  the  red-co- 
lonring  matter. 

From  this  process,  we  see  that  the  red-colouring  matter 
has  a  stronger  attraction  for  cotton  than  the  yellow, 
and  that  by  means  of  cotton  the  two  pigments  may  be 
sqiaiated.  We  see^  too,  that  it  is  insoluble  in  alkaline 
carbonates,  but  precipitated  by  adds.  The  alkalies  dis- 
solve it  also  but  alter  its  nature.  The  solution  of  it  in  the 
alkaline  carbonates  is  yellow.  It  is  insoluble  in  watet; 
Alcohol  dissolves  it  readily,  and  assumes  a  fine  rose-red 
colour.  When  this  tincture  is  heated,  it  assumes  a  shade 
of  orange.  It  dissolves  likewise  in  ether,  but  not  welL 
The  oils,  both  fixed  and  volatile,  have  no  action  on  iL 
When  distilled  it  yields  very  little  water,  scarcely  any 
gases,  a  little  oil,  and  a  portion  of  charcoal  equal  to  ^  ^ 
its  original  wei^^t.  When  this  charcoal  is  burnt,  no  sen- 
sible portion  of  ashes  remains  behind.  From  these  pro- 
perties, for  whidh,  as  well  as  for  almost  all  the  other  fiicts 
rsq)ecting  carthamus,  we  are  indebted  to  Dufour,  it  ap- 
pears that  the  red-colouring  matter  of  the  carthamus  di& 
fers  firom  every  other  known  vegetable  substance. 

When  the  carthamus  has  been  deprived  of  its  colouring 
matter,  the  residue  consisted  chiefly  of  woody  fibre  and 
some  earthy  matter.  The  following  table  exhibits  the  con- 
stituents of  1000  parts  of  carthamus,  according  to  the  expe- 
rim^its  of  Dufour. 

Moisture 62  Omstita- 

Sand  and  small  particles  of  the  plant  34*  ^^ 

Gluten 55 

Yellow  colouring  matter 268 

Extractive 42 

Resin  • . .  • • 3 

Wax 9 

Red  colouring  matter 5 

Woody  fibre 496 

Alumina  and  magnesia  •  • 5 

Red  oxide  of  iron 2 

Sand 12 

Loss 7 

1000 


95t 
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Arnica 
montaiuu 


Saffron. 


Book  IV.  If  we  believe  Marchais,  a  considerable  portun  of  what 
was  considered  by  Dufour  as  woody  film  b  in  reality 
albumen. 

2.  Flowers  of  the  arnica  montana. — ^These  flowers  have 
been  employed  in  medicine,  especially  in  Germany,  where 
their  virtues  have  been  much  celebrated.  •  They  have  a 
yeUow  colour,  a  bitter  and  sharp  taste^  and  a  very  weak 
aromatic  smelL  When  macerated  in  water,  the  liquid  ac- 
quires a  brown  colour  and  a  bitter  taste*  It  reddens  the 
infusion  of  litmus,  does  not  form  a  precipitate  with  glue, 
and  does  not  alter  the  solution  of  tartar  emetic  With 
sulphate  of  iron  it  strikes  a  deep  green»  which  passes  into 
black  on  drying.  The  mineral  adds  occasion  brown  pre- 
cipitates, but  the  alkaline  carbonates  produce  no  change  in 
it* 

When  the  flowers  are  macerated  in  alcohd,  the  liquid 
acquires  a  yellow  colour.  It  reddens  vq^etable  Uues^  strikes 
a  green  with  sulphate  of  iron,  and  becomes  milky  when 
mixed  with  water.  When  this  tincture  is  distilled,  the 
alcohol  which  comes  over  has  a  bitter  tast^  but  does  not 
alter  vegetable-blues ;  while  the  liquid  which  remains  in  the 
retort  is  very  acid,  precipitates  with  water,  and  strikes  a 
green  with  sulphate  of  iron.  When  evaporated  to  dryness, 
a  bitter  acid  powder  remains,  seemingly  of  a  peculiar 
nature.f 

When  distilled,  the  flowers  of  the  arnica  yield  a  yellowish 
acid  liquor,  wliich  strikes  a  black  with  sulphate  of  iron« 
This  liquid  is  covered  by  a  quantity  of  oil.  When  these 
flowers  are  bumt^  the  residual  ashes  contain  potash,  car- 
bonate of  potash,  and  muriate  and  sulphate  of  potash. :( 

3.  Saffron. — This  yellow  pigment  is  composed  of  the 
pistils  of  the  aocus  salivtis.  The  flowers  of  this  plant  are  of 
a  purplish-blue  colour,  but  the  upper  part  of  the  pistil  is  of 
a  deep  orange,  and  divided  into  three  fleshy  filaments. 
These  are  carefully  picked  out,  dried,  and  pressed  into 
cakes. 

SafTron  is  in  long  broad  filaments  of  ^  deep-red  colour 
without  any  yellow ;  moderately  drj^,  yet  flexible  and  soft, 
and  difficultly  reduced  to  powder.    It  has  a  strong  agree* 


*  Bouiiion  La  Grange,  Ann.  de  Chira.  ly.  38. 
t  Ibid.  Iv.  39.  J  Ibid. 

2 


POLLEH.  t5S 

able  Bmdl,  afiecting  the  eyes,  and  drawing  tears  from  them,   Chap.  il. 
and  a  pungent,  and  somewhat  bitter  taste.* 

Hitherto  safiron  has  not  been  subjected  to  a  correct 
chemical  analysis.  From  the  experiments  of  Neumann, 
it  does  not  appear  that  any  volatile  oil  can  be  procured 
firom  it  by  distillation.  It  is  probable^  however,  that  it 
owes  its  strong  smell  to  such  a  principle,  though  in  too 
small  a  quantity  to  be  easily  obtained  separate.  The  eo* 
louring  matter  of  safiron  is  equally  soluble  in  alcohol  and 
water ;  and  is  the  substance  called  polychroite  by  Vogel. . 


SECT.  VIIL 

op  POLLEN. 

The  antherae  of  most  vegetables,  at  the  time  that  the 
flower  is  in  perfection,  is  covered  with  a  considerable  quan- 
tity of  a  powdery  matter,  usually  of  a  yellow  colour,  which, 
tilling  upon  the  pistil,  is  supposed  to  impregnate  it.  This 
matter  is  known  by  the  name  of  pollen.  In  some  plants, 
especially  those  in  which  the  male  and  female  flowers  are 
separate,  the  quantity  of  it  is  so  great,  that  it  may  easily  be 
collected. 

The  first  person  who  examined  this  powder  was  Dr.  Ezpeh- 
Lewis ;  but  in  his  time  chemistry  had  not  made  sufficient  ?J^?^  ^' 
progress  to  enable  him  to  make  a  complete  analysis.  He 
found  that  alcohol,  in  which  it  is  macerated,  acquires  a 
bright  yellow  colour,  and  that  water  takes  a  duller  yellow, 
while  the  undissolved  portion  is  of  a  yellowish  white  colour. 
The  colour  of  these  infusions  is  heightened  by  alkalies,  and 
turned  red  by  acids.  When  alkalies  are  dropped  into  the 
reddened  solution,  a  deep  yellow  colour  is  restorcd.f 

Fourcroy  and  Vauquelin  have  published  a  detailed  ana- 
lysis of  the  pollen  of  the  phoenix  dactilifera^  or  date  tree, 
which  may  be  considered  as  furnishing  a  pretty  correct 
view  of  the  properties  of  this  class  of  vegetable  substances. 
At  least  it  is  probable,  that  the  pollen  of  different  vcgcta* 

*  Xrantiin,  p.  401.  f.  Neuxnana'i  Cbem.  p.  831. 
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Book  IV.  bles  does  not  diflfer  nearly  so  much  from  cadi  other  as  ibe 
other  parts  of  plants.  >   . 

The  pollen  of  this  tree  is  so  abundant,  that  at  the  season 
of  fructification,  it  surrounds  the  plants  like  thick  dtut. 
The  specimen  examined  was  brought  from  Egypt  by  De- 
hlle.  Its  colour  was  sulphur-yellow,  its  taste  was  sourish 
and  unpleasant,  it  reddened  the  infuskm  of  Ktmns,  and 
communicated  to  water  a  yellow  colour,  and  a  sensible  de* 
gree  of  acidity.  The  wateiy  infusion  was  precipitated  by 
lime  water  and  ammonia,  by  alcohol,  and  by  some  metallic 
salts. 

When  pollen  was  washed  in  cold  water,  that  liquid  ac- 
quired a  reddish  brown  colour,  a  sourish  taste  and  smell, 
not  unlike  that  of  beer.  When  evaporated,  the  liquid  left 
a  reddish  brown  matter,  which  had  the  consistence  and 
odour  of  molasses;  its  taste  was  acid,  but  disagreeable. 
Cold  alcohol  produced  no  e£fect  upon  this  matter,  but  fay 
the  assistance  of  heat  it  dissolved  a  portion  of  it,  and  as- 
sumed a  dark  colour.  The  residue  had  more  consistence^ 
and  was  less  coloured.  It  dissolved  with  facility  in  water^ 
allowing  at  the  same  time  a  gr^jash  bulky  matter  to  sepa- 
rate. Thus  the  matter  taken  up  by  the  watery  mfiiuon 
from  pollen  has  been  divided  into  three  portions. 

The  alcoholic  solution  being  concentrated  by  evaporation 
to  the  consistence  of  an  extract,  had  a  red  colour,  the  odour 
of  baked  apples,  and  a  taste  strongly  acid,  but  disagree- 
able. It  presented  all  the  characters  of  malic  acid.  The 
grey  matter,  which  refused  to  dissolve  in  water,  possessed 
the  properties  of  phosphate  of  lime. 

Tlie  aqueous  solution  was  ascertained  to  consist  chiefly  of 
phosphate  of  magnesia,  malic  acid,  and  an  animal  matter, 
which  formed  a  copious  precipitate  with  the  infusion  of 
nutgalls. 

The  pollen,  thus  deprived  of  its  soluble  matter,  being 
exposed  on  filtering  paper  to  the  open  air  for  a  week,  in- 
stead of  drying  assumed  tlie  form  of  a  paste,  and  ran  ra- 
pidly to  putrifaction,  emitting  an  odour  similar  to  that  of 
old  cheese.  When  dried,  this  matter,  became  semitrans- 
parent,  and  of  a  consistence  resembling  that  of  glue.  Be- 
fore being  dried  it  mixed  readily  with  water,  and  exhibited 
the  characters  of  soap.  The  fixed  alkalies  showed  the  pre- 
sence of  ammonia  in  it.    When  distilled  there  canae  over  a 
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watery  tiqnidy  which  gradaally  became  coloured  as  the  dift-  Cht^.  it 
tillaiion  advanced :  some  time  after  there  came  over  a  red  ^"  "^ 


coloured  oil  and  carbonate  of  ammonia,  partly  in  cxystal«» 
and  partly  in  solution.  The  liquid  also  contained  a  por- 
tion of  tbe  oil  in  the  state  of  a  soa|).  The  charcoal  left  was 
voluminoosi  and  difficult  of  incineration.  When  burnt  it 
left  a  considerable  pprtion  of  phosphate  of  lime. 

Tlie  pollen  is  pardy  soluble  in  muriatic  acid.  The  nitric  Action  of 
acid  reduces  it  to  a  paste,  azotic  gas  is  disengaged,  and^^^' 
afterwards,  on  the  application  of  heat,  nitrous  gas  and  car- 
bonic acid.  A  yellowish  oil  separated  and  swam  upon  the 
surface,  and  alkalies  separated  earthy  phosphates  and  oxa- 
lates. When  the  liquid  was  evaporated  to  drj'ness,  it  left  a 
yellowish-red  matter,  extremely  bitter,  tenacious,  and  ad- 
hesive, and  perfectly  soluble  in  water.  This  matter,  from 
the  description  of  it,  must  have  been  a  species  of  artificial 
tannin.  Thus  it  appears,  that  by  the  action  of  nitric  acid^ 
the  portion  of  the  pollen  which  is  insoluble  in  water  is  con- 
verted into  oil  and  artificial  tannin.  The  oily  mutter  be- 
came solid  on  coolings  and  possessed  almost  exactly  the  pro- 
perties of  tallow  treated  witli  nitric  acid. 

Strong  alkaline  leys  dissolve  the  pollen,  and  assume  with 
it  the  properties  of  soap,  wliilc  ammonia  is  disengaged. 

When  the  pollen,  mixed  with  water,  is  set  aside  to  fer- 
ment, it  disengages  the  odour  of  new  cheese,  and  assumes 
the  form  of  a  tenacious  mass.  Its  taste  is  extremely  sharp; 
it  contains  abundance  of  ammonia,  pardy  united  to  oil,  and 
partly  to  malic  acid.  From  all  these  phenomena,  there  is 
reason  to  believe  that  the  msoluble  part  of  the  pollen  ap- 
proaches vegetable  gluten  in  its  properties;  or  rather,  that 
it  is  intermediate  between  gluten  and  albumen. 

Such  are  the  properties  and  constituents  of  the  pollen  of 
the  date  tree,  as  far  as  they  have  been  ascertained  by  Four- 
croy  and  Vauquelin.*  We  may  conclude  from  them,  that 
it  approaches  very  much  to  the  nature  of  animal  matter. 

Professor  Link  has  examined  the  pollen  of  the  hazel  nut*  F<ollcn  of 
It  differs  a  good  deal  from  that  of  the  date  tree  just  da* 
scribed.     He  found  in  it  tannin  in  great  abundance,  a  resin, 
a  good  deal  of  gluten,  and  a  little  fibrin.t     The  pollen  of 
the  tulip,  which  has  been  carefully  analysed  by  Grotfaus^  is 

*  Ann.  de  Mas.  ci*Uin.  Nat.  i.  417.  t  Ann.  de  Cliim.  liii.  29S. 
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Book  I v.^  also  very  difierent  from  that  of  the  date  tree.     He  coald 
^       neither  detect  in  it  phosphorus  nor  pollenin.  From  26  grains 
of  it  he  extracted 

Pbilen  of        Veffetable  albumen 20*25 

the  tulip.        Mfdate  of  lime  with  trace  of  malate  of  magnesia    3*5 

Malic  acid 1 

Malate  of  ammonia  "\ 

Colouring  matter •  •  > • •  ••••     1*25 

Sal^etre? J 

26-0  ♦ 
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SECT.  IX. 

OF   SEEDS. 

The  seeds  of  vegetables,  constituting  one  of  the  most  inn 
portant  articles  of  food,  and  being  the  materials  from  which 
a  variety  of  useful  substances  are  procured,  have  been  more 
subjected  to  chemical  experiments  than  any  of  the  other 
parts  of  plants. 

They  all  contain  a  considerable  portion  of  starch,  though 
this  matter  differs  somewhat  in  its  properties  in  different 
seeds.  Gluten  is  likewise  a  common  ingredient,  but  ex- 
tremely various  both  in  its  quantity  and  in  its  appearance. 
Some  seeds  contain  a  saccharine  matter,  as  those  of  the 
lycopodium  ;  but  the  quantity  is  always  small,  and  its  pro- 
perties are  hardly  ever  the  same  as  those  of  true  sugar. 
Fixed  oil  is  also  a  common  ingredient.  In  the  seeds  of  the 
grasses,  the  proportion  of  it,  if  any  can  be  detected,  is  always 
small :  the  same  remark  applies  to  the  seeds  of  the  papi- 
leonaceous  plants;  but  the  seeds  of  the  cruciform  plants 
abound  in  a  limpid  and  nearly  insipid  oil.  In  some  seeds  a 
volatile  oil  is  present,  but  this  is  not  common.  Some  pos- 
sess a  peculiar  colouring  matter ;  some  possess  a  portion  of 
bitter  principle,  as  the  seeds  of  the  common  broom  and  of 
the  coffee  plant. 

Saussure  junior  has  shown  that  wheat,  and  probably 
every  other  kind  of  corn,  yields  a  quantity  of  phospho- 
rus, if  it  be  charred  in  a  moderate  heat,  and  the  charcoal 

•  Schwcigger's  Jour.  xi.  1281. 


SEfiDs«  257 

be  afterwards  violently  heated  in  a  porcelain  retort.  He  Chap.  ii. 
has  shown  that  the  phosphorus,  in  this  case,  is  owing  to  the  ^"^v*^ 
decomposition  of  phosphate  of  potash,  which  exists  in  these 
seeds,  and  which  is  decomposed  by  the  charcoal  at  a  very 
high  temperature.  He  has  shown  that  phosphate  of  soda» 
and  even  phosphate  of  lime,  may  be  decomposed  in  the 
same  way.*  Thus  the  observations  of  MargrafF,  and  some 
of  the  earlier  chemists,  respecting  the  phosphorus  which 
may  be  obtained  from  the  seeds  of  plants  have  been  verified. 

I  shall  in  this  section  enumerate,  in  the  first  place,  the 
properties  of  those  seeds  which  are  known  by  the  name  of 
com,  and  are  used  as  articles  of  food ;  then  the  seeds  of  the 
papilionaceous  plants;  namely,  peas,  beans,  vetches,  &c. 
which  are  likewise  employed  as  food.  The  seeds  of  the 
remaining  tribes  of  plants  have  been  hitherto  but  imper- 
fectly examined ;  we  can  only  therefore  detail  the  experi- 
ments hitherto  made,  without  any  attempt  at  arrangement. 

The  most  important  genera  of  com  are,  wheat,  rye,  oats, 
barley,  rice. 

1.  Wheat,  the  iriticum  hybemum  (and  other  species)  of  Wheat, 
botanists,  has  been  cultivated  from  time  immemorial  in 
Europe  and  the  northern  parts  of  Africa,  and  the  seeds  of 
it  employed  as  one  of  the  most  important  articles  of  food. 
Indeed  wheat  flour  is  the  only  substance  known  from  which 
good  loaf  bread  can  be  made.  The  seeds,  when  ripe,  are 
ground  to  a  fine  powder,  and  by  passing  this  powder  through 
cloth  sieves,  of  various  degrees  of  fineness,  it  is  separated 
into  distinct  portions.  The  fine  flour  constitutes  the  greatest 
portion ;  and  the  bran^  which  consists  of  the  outer  coat  of  - 
the  seed,  and  which  is  the  coarsest  oSF  all,  constitutes  the 
next  greatest  portion. 

Hitherto  the  flour  of  wheat  only  has  been  subjected  to  a  Conttitu- 
ehemical  examination ;  while  the  bran,  which  may  vary  ^^ 
from  one-third  to  one-fourth,  has  l^een  neglected.  The 
two  most  remarkable  substances  in  wheat  flour  are  the 
itarchj  which  constitutes  by  far  the  greatest  part  of  it,  and 
the  gluteiij  which  is  the  next  ingredient  in  point  of  quan- 
tity. «  It  appears  also,  from  my  trials,  to  contain  a  sn^all 
portion  of  bitter  principle.     Saccharine  matter  exists  in  it 

*  Aon.  de  Chim.  1it.  189. 
VOL.  If.  8 
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B^j^lY,  also,  though  in  a  very  small  proportion.  Mucilage  is 
mentioned  as  a  constituent  by  Fourcroy-and  Vauqoelin; 
and  from  their  experiments,  also,  it  i4>peara  that  jdioqphate 
of  lime  is  present,  but  that  they  did  not  detect  any  phos- 
phate of  potash.* 

Water  in  which  wheat  flour  has  been  macerated  tar  m 
hours,  has  an  opal  colour,  and  becomes  transparent  very 
slowly.  Its  taste  is  sweetish,  it  has  the  odour  of  unripe 
grain,  and  does  not  alter  vegetable  blues.  The  infusion 
of  nutgalls,  chlorine,  and  other  acid%  occasion  a  pre- 
cipitate in  it.  It  becomes  very  rapidly  sour.  When 
heated^  yellowish  flakes  are  separated.  When  concen- 
trated by  evaporation,  its  taste  becomes  more  percq>tibly 
sweet.  When  inspissated  sufiiciently,  it  assumes  a  golden 
yellow  colour ;  has  a  sweet  taste,  but  is,  at  the  same  tim^ 
acid  and  acrid;  yellowish  flakes  separate,  and  a  crust  of 
posphate  of  lime  coats  the  capsule  in  which  the  evaporation 
is  performed.  Alcohol  coagiilates  it,  and  throws  down  a 
substance  which  possesses  the  properties  of  gluten.  Hence 
it  is  evident,  that  the  water  owes  its  pnq)erties  to  the  gluten 
which  it  holds  in  solution,!  and  probably  also  to  a  little 
bitter  principle.  It  contained  also  some  sugar  and  mud* 
lage,  and  phosphate  of  lime. 

Rye.  2.  Kye  is  the  seed  of  the  secale  cereale,  a  plant  cultivated 

in  the  northern  parts  of  Europe,  in  considerable  quantity, 
as  an  article  of  food.  Bread  made  of  it  is  much  denser  than 
wheaten  bread,  and  has  a  brownish  colour,  and  a  peculiar 
sweetish  taste,  which  to  most  persons  is  rather  agreeable. 
We  are  indebted  to  Einhof  for  an  elaborate  analysis  of  rye- 
meal.  He  published  the  result  of  his  experiments  in  the 
summer  of  18054 

SoluUe  A  determinate  portion  of  rye-meal  was  formed  into  a 

^^'  paste,  washed  in  pure  water  till  that  liquid  ceased  to  ac- 

quire any  colour,  or  take  up  any  thing.  The  Uquid,  after 
filtration,  had  a  yellowish  colour,  an  insipid  taste^  and  a 
smell  like  that  of  new  whey.  It  slightly  reddened  litmus 
paper,  and  was  rendered  muddy  by  carbonate  of  potash^ 
sulphate  of  silver,  and  infusion  of  galls.     When  raised  to 

*  Ann.  de  Mus.  d'Hist.  Nat.  No.  xxxvil.  p.  3. 

+  Fourcroy  and  Vauquelin,  ibid.  J  Gehkn*s  Jour,  v.  131. 
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the  boiling  tetnperatore,  it  became  muddy,  and  a  numj^  Chap.  ii. 
of  wiiite  flakes  separated.  These,  when  collected  and  cdul«-  ^**v^ 
corated,  had  the  appearance  of  curd.  They  dissolved  in 
alkaline  leys,  were  insoluble  in  alcohol,  and  possessed  the 
properties  of  vegetable  albumen.  When  the  liquid  was  con- 
centrated by  evaporation,  it  deposited  a  small  additional 
portion  of  albumen.  This  being  separated,  the  liquid  was 
evaporated  to  the  consistence  of  honey,  and  digested  in 
alcohol  repeatedly  till  nothing  more  was  taken  up.  The 
residue  was  greyish-white  and  insipid:  water  dissolved  it 
slowly,  and  the  solution,  being  evaporated,  deposited  more 
flakes  of  albumen.  The  residue  had  the  appearance  of  a 
solution  of  gum  arable,  and  when  evaporated  to  dryness, 
left  behind  it  a  portion  of  gummy  matter. 

The  alcoholic  solution  became  muddy  when  mixed  with 
water.  The  alcohol  being  drawn  off  by  distillation,  there 
remained  in  the  retort  an  aqueous  solution,  of  a  wine-yellow 
colour,  with  large  brownish  flakes  swimming  in  it.  These 
flakes,  when  collected,  were  found  to  possess  the  properties 
of  glutei.  They  formed  a  glutinous  mass  with  cold  water, 
the  bulk  of  which  contracted  when  the  water  was  made  to 
boil.  Boiling  alcohol  dissolved  it ;  but  ether  took  up  only 
the  colouring  matter.  Alkalies  dissolved  it,  and  acids 
threw  it  down  again  from  its  solution. 

The  watery  solution,  thus  freed  from  the  gluten,  being 
evaporated,  left  an  extract  of  a  wine-yellow  colour.  By 
repeated  digestions  in  alcohol,  dilutions  with  water,  and 
evaporations,  it  was  freed  from  a  portion  of  gluten,  which 
still  adhered  to  it*  Its  taste  was  then  sweet,  but  harsh ;  its 
colour  wine-yellow ;  and  it  was  soluble  in  water,  alcoh<^ 
and  ether.    It  was  considered  as  the  saccharine  matter  of  rye. 

The  rye-meal,  thus  freed  from  the  matters  soluble  in  Insoluble. 
water,  was  mixed  with  a  great  quantity  of  water,  and  by 
repeatedly  agitating  the  liquid,  and  decanting  it  off  after 
standing  some  time,  it  was  separated  into  two  portions ; 
namely,  a  greyish-coloured  substance,  which,  being  lightest, 
did  not  so  soon  subside,  and  a  white  powder  which  possessed 
the  properties  of  starch.  The  grey-coloured  substance,  by 
repeated  digestions  in  alcohol  and  water,  was  separated  into 
three  portions;  namely,  gluten,  starch,  and  the  coats  of 
the  rye-seeds.  Such  are  the  constituents  of  rye-meal,  ac- 
cording to  Einhof.     The  foilowing  are  the  proportions  of 

s2 
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Book  IV.  these  difTerent  substances,  detected  by  thiB  chemist,  in  the 
^""*^'^"^  best  rye-seeds  and  rye-meal.    3840  parts  of  good  rye-seed* 
werc'coxnposed  of 

Constitu-  Husk 930 

«"»•  Moisture 890 

Pure  meal 2520 

3840 

A  hundred  parts  of  good  rye-meal  contained 

Albumen 3-27 

Gluten,  not  dried 9'48 

Mucilage 11*09 

Starch 61-09 

Saccharine  matter 3*27 

Husk 6-38 

Loss  S'42 

100-00 

But  the  proportion  of  these  substances  must  vary  ex- 
tremely according  to  the  soil,  the  climate,  and  the  age  of 
the  rye.  The  gluten  of  rye  differs  in  several  particulars 
from  that  of  wheat.  It  is  less  tenacious  and  more  soluble. 
When  it  was  allowed  to  ferment,  Einhof  perceived  a  strong 
'  smell  of  nitric  acid,  which  is  peculiar  to  tliis  species  of 
gluten.  The  starch  of  rye  bears  a  striking  resemblance  to 
that  of  wheat  Like  this  last,  it  docs  not  form  a  colourless 
solution  with  boiling  water,  and  always  precipitates  at  last, 
when  the  solution  is  left  a  sufficient  time  at  rest 
Ashes.  Einhof  did  not  examine  the  ashes  of  rye ;  but  from  the 

experiments  of  Schrader,  we  know  that  the  same  quantity, 
analysed  by  Einhof,  namely  3840,  yielded  the  following 
fixed  substances :  * 

Silica 3*90 

Carbonate  of  lime 3*35 

Carbonate  of  magnesia 3*55 

Alumina 0*35 

Oxide  of  manganese 0*80 

Oxide  of  iron.^ 0*22 


12*17 


*  Gdilsn's  Jour.  ill.  535. 
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3.  Oats  are  the  seeds  of  the  avena  saiiva^  a  plant  culti-  Chap.  ii. 
vated  in  considerable  quantities  as  an  article  of  food.  No  qT^^*^*^ 
correct  chemical  analysis  of  this  seed  has  yet  been  made. 

The  bosk  is  uncommonly  thick,  and  constitutes  a  consider- 
able portion  of  the  com.  The  proportion  of  starch  is  like- 
wise considerable^  though  it  is  cUfficult  to  free  it  from 
another  substance  with  which  it  is  united. 

4.  Barley  is  the  seed  of  the  hordeum  vulgare^  a  plant  too  Barley, 
well  known  to  require  any  description.     Great  crops  of  it 

are  reared  annually,  partly  as  an  article  of  food,  and  partly 
as  a  material  from  which  malt  liquors  and  ardent  spirits 
are  drawnw^  This  species  of  com  has  been  examined  of  late 
with  considerable  attention  by  chemists,  partly  in  order  to 
form  correct  conceptions,  if  possible,  of  the  nature  of  the 
process  of  fermentation,  and  partly  to  ascertain  the  con- 
stituents of  barley.  Fourcroy  and  Vauquelin  published 
several  ingenious  remarks  and  experiments  on  it  in  1806,^ 
and  £inhof  puhlidied  a  still  more  elaborate  analysis  about 
the  commencement  of  the  same  year;  having  examined 
this  grain  in  different  stages  of  its  growth,  and  after  is  was 
fully  ripe,t 

When  unripe  barley-corns  are  triturated  with  water,  the  Unripe  bac. 
liquid  acquires  a  milky  colour.  If  this  process  be  conti-  ^' 
nued,  adding  fresh  portions  of  water  as  long  as  the  liquid 
passes  off  muddy,  there  remains  only  a  green  husky  matter. 
When  this  matter  is  macerated  a  sufficient  time  in  cold 
water,  it  acquires  a  greenish-grey  colour,  and  when  dry 
has  the  appearance  of  vegetable  fibre.  The  water  in  which 
it  was  macerated,  when  boiled,  deposits  a  few  flakes  of 
albumen,  and  when  evaporated  to  dryness  leaves  a  small 
portion  of  extractive. 

The  water  with  which  the  barley  was  at  first  triturated 
is  at  first  milky,  and  gradually  deposits  a  white  powder; 
yet  it  does  not  become  transparent,  though  allowed  to  stand 
^  considerable  time.  When  filtered,  it  passes  through' 
transparent,  while  a  slimy  substance  of  a  grccnish-grej 
colour  remains  upon  the  filter.  This  substance  posseses  the 
properties  of  gluten.  When  the  solution,  now  transparent 
and  of  a  yellowish  colour,  is  boiled,  it  deposits  flakes  of 
albumeou    It  reddens  litmus  paper,  and  is  strongly  preci** 

*  Ann.  de  Mut.  dUist.  Nat«  No.  xxxvii.  p.  5. 
t  Geblen's  Jour.  ?i.  GS. 
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Book  IV.  {Htated  by  lime-water,  nitrate  of  lead,  and  wlphate  c^iron, 
indicating  the  presence  of  phosphoric  salts. 

The  liquid  beinfj^  evaporated  to  tlie  conusleBce  of  a 
svrup,  and  the  residue  treated  with  aloobol,  the  solution 
diluted  with  water,  and  the  alcohol  distilled  o£^  to  separate 
some  gluten  which  still  remained,  a  vjrvpy  matter  was  ob- 
tained, having  a  sweet  taste,  which  was  eonsidered  as  a 
saccharine  matter  of  the  barley.  A  portion  fefbsed  to  dis- 
solve in  alcohol.     This  portion  was  considttPed  as  extractive. 

The  white  powder  which  precipitated  from  the  water  in 
which  the  barley  had  been  origijially  triturated  possessed 
the  properties  of  starch. 

Such  are  the  constituents  of  unripe  barley,  aecording  to 
the  experiments  of  Einhof.  The  Sallowing  are  tbe  propor- 
tions of  each  which  he  obtained  from  9SS0  parts  of  unripe 

barley.* 

Green  husk,  &c  • 478 

^^^^                         Albumen^  with  phosphate  of  liine .  •  18 

Gluten 51 

Saccharine  matter 160 

Extractive 76 

Starch MO 

Volatile  matter •••••. 1500 

Loss 189 


Constitu- 


2880 


Ripe  bar-        When  ripe  barley  is  steeped  in  water  a  sufficient  time, 
^^'  and  then  cautiously  kneaded  between  the  fingers  in  a  doth, 

every  part  of  the  grain  is  washed  away  except  the  husk, 
which  by  this  process  may  be  dried  and  weighed. 

When  barley  meal,  previously  made  into  a  paste,  is 
treated  in  the  same  way,  a  brownish  residuum  remains, 
consisting  chiefly  of  the  husk,  though  it  contains  also  por- 
tions of  starch  and  gluten  which  cannot  wdl  be  separated. 
The  water  in  which  the  meal  has  been  washed  gradually 
deposits  a  white  powder,  but  does  not  become  transparent 
though  left  at  rest.  It  runs  very  soon  into  acidity.  Indeed, 
if  we  believe  Fourcroy  and  Vauquelin,  barley  often  contains 
an  acid ;  the  water  in  which  it  has  been  macerated  redden* 
ing  the  infusion  of  litmus:  this  acid  is  the  acetic.  The 
colour  of  this  water  is  reddish-brown.    It  holds  in  solution 

*  Gehlen,  vi.  es. 
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a  oontiderable  portion  of  matter,  which,    according  to  Chap.  ii» 
FoiuncrDy  and  Vauquelin,  consists  chidy  of  gluten,  but  "*— v^ 
which  Eanhof  found  to  be  of  a  more  complicated  nature, 
consisting  of  albumen,  or  rather  gluten,  mucilage,  and  sac- 
charine matter.     It  contains  in  solution  likewise  a  notable 
portion  of  phosphate  of  lime. 

When  barley  meal  is  macerated  a  sufficient  time  in 
alcohol,  that  liquid  acquires  a  yellow  colour,  and  becomes 
muddy  and  more  odorous,  and  by  evaporation  leaves  an  oily 
matter  of  a  yellow  colour  and  an  acrid  taste,  having  the 
consistence  of  butter.  This  oil  burns  like  a  fat  oil,  and 
forms  soap  with  alkalies.  It  is  but  imperfectly  soluble  in 
alcohol.*  This  oil  escaped  the  observation  of  Einhof.  I 
obtained  it  by  a  process  similar  to  that  afterwards  described 
by  Fourcroy  and  Vauquelin;  but  its  colour  was  asparagus 
green,  and  it  did  not  bum  with  the  same  readiness  as  an 
oil.  It  has  very  much  the  appearance  of  olive  oil  coagu- 
lated, but  its  consistence  is  less,  and  its  colour  is  darker. 
To  this  oil  the  peculiar  flavour  of  spirits  from  raw  grain  is 
ascribed  at  present.  If  this  opinion  be  well  founded,  the 
oil  must  be  dissipated  or  destroyed  by  the  process  of  malt- 
ing. 

The  following  are  the  proportions  of  the  constituents  Conttitu- 
obtained  by  Emhof  from  3840  parts  of  barley-corns :  ^^^ 

Volatile  matter 430 

Husk 720 

Meal   2690 

8840 

From  the  same  quantity  of  barley-meal  he  obtained 

Volatile  matter  • . « 360 

Albumen 44 

Saccharine  matter  •  •  •  •  • « . .  200 

Mucilage 176 

Hiosphate  of  lime,  with  some  albumen  •      d 

Gluten 135 

Husk,  with  some  gluten  and  starch ....  260 
Starch,  not  quite  free  from  gluten  • . .  •  .2580 
Loss «...     76 


3840 

*  Fourcroj  aod  Vauquelin,  Ann.  de  Mus.  d^Hist.  Nat.  No.  zxxvii     .  8. 
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Book  IV.  Besides  these  substances,  Fourcroy  and  Vuquelin  asoer^ 
^^^^'^'^'^  tained  the  presence  of  phosphates  of  lime  and  magnesia^ 
and  of  silica  and  iron ;  and  I  found  in  it,  bettdes  these 
substances,  phosphate  of  potash  and  nitrate  of  soda.  The 
presence  of  phosphate  of  potash  was  ascertained  likewise 
by  Saussure  junior, 
flice.  5.  Bice,  the  seeds  of  the  ort/sa  saliva^  have  been  analysed 

by  Braconnot*  He  found  in  this  grain  the  following  con^ 
stituents : 

Carolioa  Rice.    Piedmont  Rice. 

Water 500  ....  7-00 

Starch 85-07  ....  83-80 

Parenchyma 4*80  ....  4'80 

Vcgeto-animal  matter. 3*60  ....  3*60 

Uncrystallizable  sugar 0*29  ....  0*05 

Gummy  matter  approaching  starch    0*71  ....  0*10 

Oil 0-13  ....  0-25 

Phosphate  of  lime 0*13  ....  0*40 

100-00  100*00 

Besides  traces  of  muriate  of  potash,  phosphate  of  potash, 
acetic  acid,  sulphur  and  lime  and  potash  imited  to  a  vege- 
table alkali.* 

Maize.  6.  Maize.     This  is  the  seed  of  the  zea  maisj  or  indian 

corn.  Some  experiments  on  it  have  been  made  by  Proust. 
It  is  converted  into  charcoal  in  the  usual  way,  and  leaves 
about  ^th  its  weight  of  charcoal.  This  charcoal  is  ex- 
tremely difficult  of  incineration.  It  contains  some  phos* 
phate  of  potash.f 

Having  now  given  an  account  of  the  constituents  of  the 
various  species  of  com  hitherto  subjected  to  chemical  ex- 
amination, let  us  proceed  to  the  seeds  of  the  papiliona- 
ceous plants.  The  most  remarkable  of  these  are  peas, 
beans,  kidney-beans,  lupines,  lentiles,  &c. 

Ptas.  7.  Peas.     The  seeds  of  the  pisum  sativum  constitute  a 

very  common  and  nutritive  article  of  foo<l.  They  have 
been  examined  in  different  states  by  Einhof,^  who  has 
devoted  his  chief  attention  to  this  peculiar  branch  of 
diemical  investigation. 

!  :!VV\'  ^f  ^^"*  *'  ^^y^*  ^^-  370.        t  Nicholson's  Jour,  xviii.  239. 
J  Gehlcn-s  Jour.  yi.  116, 


By  tiifli^u^.ilie  gteen  plant  nearly  in  a  aimilar  manner  Chip.  iL 
with  barky,  ^e  obtained  from  3840  parti  the  following 
constituents :  plane 

Volatile  matter 3000 

Starch 53 

Vegetable  fibre. 400 

Gluten* 70 

Albumen 35                    ^ 

Phosphate  of  lime  •  •  •  •  4 

Saccharine  matter    • .  •  •  1 7(5 

Extractive 25 

Loss ^     77 

3840 

The  green  pod  or  husk  of  the  pea,  by  a  similar  treat-  ?od. 
ment,  yielded,  from  3840  parts,  f 

Volatile  matter 3120 

Vegetable  fibre 344 

Starch 90 

Green  gluten  » 22 

Albumen •  •  •  •  •  I?? 

Phosphate  of  lime   • . . .  3^ 

Saccharine  syrup 182 

IfOSs ....••  61 

3840 

Tlie  peas  themselves,  when  very  young,  are  often  filled  Jnice. 
>vith  a  sweet  juice,  which  may  be  obtained  by  a  slight 
pressure.  Einhof  examined  this  liquid.  It  has  a  greenkh- 
yellow  colour  and  a  very  sweet  taste.  When  exposed*  to 
the  air,  thin  cuticles  formed  on  its  surface,  and  white  fiakes 
precipitated.  It  gradually  underwent  a  kind  of  fermen- 
tation and  became  sour.  From  1440  parts  of  this  juice^ 
Einhgf  obtained,  by  analysis,^ 

Albumen .  ^ • .  •  •     10 

Extractive 18 

Saccharine  syrup 155 

*  In  the  iftme  state  at  that  frqm  the  leaves  of  plants,  and  mixed  with 
the  green  colouring  matter. 

f  Gehlen*9  Jour.  yi.  119.  }  Ibid.  130. 
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Book  IV.  This  syrup  had  much  the  taste  of  raw  sugar,  but  could  not 

^"—N^*^  be  made  to  crytallize. 

Ripe  peat.  From  ripe  peas,  by  macerating  them  in  water,  and  em- 
ploying a  mode  of  analysis  similar  to  that  used  fpr  ascer- 
taining the  constituents  of  barley,  Einhof  obtain^  the 
following  products.  The  quantity  employed  was  3S40 
parts.* 

Volatile  matter 540 

Starchy  fibrous  matter,  with  the  coats  1      g^« 
of  the  peas J 

Starch    1265 

Animo-vegetable  matter 559 

Albumen 66 

Saccharine  matter 81 

Mucilage S49 

Earthy  phosphates  .•.••....»• • .       11 

Loss 229 


Stvchy 

fibrous 

matter. 


Animo- 

vegetablc 

matter. 


3840 


The  second  of  these  constituents,  entitled  starchy  ^fibrous 
mattery  was  what  remained  after  the  peas,  reduced  to  a 
pulp  with  M'ater  in  a  mortar,  had  been  washed  with  water 
till  they  ceased  to  discolour  it,  or  to  give  out  any  soluble 
matter  to  it.  This  residue  was  in  part  composed  of  the 
coats  of  the  peas,  and  partly  of  a  white  fibrous  matter 
without  taste  or  smell.  When  dried,  it  became  yellowish, 
and  was  easily  reduced  to  powder;  and  the  powder  formed 
a  paste  with  water,  and  dissolved  like  starch  in  hot  water. 
It  then  bore  a  certain  resemblance  to  starch,  and  agreed 
in  its  properties  with  the  fibrous  matter  of  potatoes.t 

The  fourth  of  the  preceeding  constituents,  entitled  animo^ 
vegetable  mattery  was  obtained  in  this  manner:  the  milky 
water  in  which  the  peas  had  been  macerated,  after  depo- 
siting the  starch,  still  continued  muddy,  but  neither  de- 
posited any  thing,  nor  would  pass  through  the  filter ;  but 
when  diluted  with  its  own  bulk  of  water,  it  gradually  de- 
posited a  powder,  the  whole  of  which,  being  collected  on 
a  filter,  constituted  the  substance  to  which  Einhof  gave 
the  name  of  aiiimo-vegetahle  matter.  It  approaches  most 
nearly  to  gluten ;  but  as  it  differs  in  several  particulars  both 


*  Cclilen*s  Jour.  ti.  13. 


t  Ibid.  p.  123. 
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from  glutMi  and  from  all  other  vegetable  eonBtitnents,  we  Chip.ii. 
most  ooosider  it  as  a  peculiar  principle.  ^^^>^^^m^ 

Its  colour  *wds  at  first  white ;  it  had  no  taste  nor  smell, 
but  reddened  vegetable  blues,  even  after  having  been  re- 
peatedly washed  in  cold  water.  It  was  glutinous  and  ad- 
hesive, and  could  be  kneaded  into  a  paste.  It  was  insolu- 
ble in  water,  both  cold  and  hot;  but  when  mixed  with  that 
liquid  it  soon  putrified ;  and  on  being  treated  with  lime, 
gave  out  the  smell  of  ammonia.  In  the  pure  alkaline  leys 
it  dissolves  readily,  and  forms  a  kind  of  soap;  but  the 
carbonates  require  heat  to  produce  the  solution.  Sulphu- 
ric acid  dissolves  it;  the  solution  is  light^brown,  and  when 
diluted  with  water,  lets  fall  a  white  thread-like  substance. 
It  dissolves  also  in  muriatic  acid  and  chlorine,  and  in 
^Lcetic  acid.  Nitric  acid  gives  it  a  lemon-yellow  coloor. 
It  dissolves  also  in  alcohol,  and  the  solution  becomes  milky 
when  mixed  with  water.  The  tincture  of  galls  throws 
down  a  copious  white  precipitate.  Ether  and  volatile  oils 
have  no  action  on  it.  When  dried  it  assumes  a  ligh^ 
brown  colour  and  the  semitranqfMurence  of  glue^  and  ia 
easily  reduced  to  powder.^  Such  are  the  propertKs  of 
this  substance,  as  far  as  they  have  been  ascertained  by  M. 
Einhof-t 

When  3840  parts  of  ripe  peas  were  reduced  to  ashes, 
the  residue  weighed  112  parts.  From  these  ashes  Einhof 
extracted  phosphoric  acid,  sulphuric  acid,  muriatic  acid, 
alumina,  silica,  carbonate  of  lime,  phosphate  of  lime^  oxide 
of  iron,  and  phosphate  of  ammonia  and  magnesia.^: 

8.  The  seeds  of  the  vicia  faboj  a  small  bean,  becoming  Manfi 
blackish  when  ripe,  and  used  as  an  ardcle  of  food,  have 
likewise  been  examined  by  Einhof.  The  analysis  was  con^ 
ducted  io  the  same  way  as  his  other  experiments  already 
described.  From  S840  parts  of  the  ripe  beans  he  obtained 
the  following  substances : 

*  Einhof  remarkf,  that  he  has  seen  the  gluten  of  wheat  assume  this 
appearance.  I  have  ohseired  the  same  thing  twice.  In  hoth  cases 
the  wheat  was  very  inferior  in  quality,  and  had  been  the  growth  of  a 
yery  rainy  season. 

t  Gehlen's  Jour,  vi,  124.  t  Ibid.  p.  13?. 
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Book  IV.  to  a  cbemical  examination  by  Bucholz.    The  fbllowing  ate 

"^"v^  the  results  which  he  obtained. 

Sixteen  parts  of  hemp-seed  yielded  by  expreasicm  rather 
more  than  three  parts  of  a  yellow-coloured  oil.  Its  taste  was 
mild,  and  it  possessed  all  the  characters  of  the  fixed  oils. 
From  the  residue  he  procured,  by  digestion  in  water  and 
coagulation  by  heat,  about  S^  parts  of  albumen,  and  not 
quite  half  a  part  of  fibrous  matter.  The  insoluble  coats 
and  husks  of  the  seeds  weighed  6}  parts.  About  one-fourth 
of  a  part  of  a  brown  coloured  resin  was  obtained  by  means 
of  alcohol,  and  about  the  same  quantity  of  a  substance  to 
which  Bucholz  gives  the  name  of  mudk^naus  sugar j  and 
soapy  extract^  and  about  1-^  part  of  gummy  extractive.* 

Coffee.  15.  Coffee.    This  is  the  seeds  of  the  coffea  amftioo,  an 

evergreen-tree^  usually  of  a  small  dze.  It  was  originally 
brought  from  Arabia,  and  was  unknown  in  Europe  till 
1650.f  The  entire  fruit  has  some  resemblance  to  a  cherry. 
Under  a  pulpy  skin  it  contains  an  oval  kernel,  which  sepa- 
rates longitudinally  into  two  parts,  each  covered  with  a  thin 
coat,  and  marked  longitudinally  with  a  furrow  on  the  flat 
side,  where  they  are  joined.  The  ripe  fruit  is  dried  in  the 
sun,  and  heavy  rollers  passed  over  it,  by  which  the  seeds 
are  parted  and  the  coats  broken.  They  are  afterwards 
separated  by  winnowing. 

Many  experiments  have  been  made  by  chemists  to  ascer- 
tain the  constituents  and  qualities  of  coffee;  Neumann, 
GeofFroy,  Dufour,  Kruger,  Westfield,  &c.  published  suc- 
cessively the  result  of  their  trials  on  it.  The  latest  analyses 
are  those  of  Hermann  X  and  Cadet.  §  They  neither  agree 
well  with  each  other,  nor  with  those  of  preceding  writers. 
It  is  probable  that  these  difTerences  ought  to  be  ascribed 
partly  to  the  different  .mode  of  analysis  followed,  and  partly 
to  variations  in  the  berries  examined. 

Infusion.  The  infusion  of  coffee  in  boiling  water  is  of  a  yellowish- 
green  colour ;  but  the  decoction,  by  continuing  the  boiling, 
becomes  brown.  It  becomes  turbid  on  cooling.  The  alka- 
lies render  it  more  brown.  It  strikes  a  black  with  sulphate 
of  iron,  but  does  not  precipitate  with  glue.  Chlorine 
nearly  destroys  tlie  colour ;  but  if  an  alkali  be  added  the 

•  Gchlen's  Jour.  vi.  615.  f  Neumann's  Chemistry,  p.  378. 

1  Crcir»  Annals,  1800,  ii.  108.       §  Aim.  de  Chim.  Iviii.  266. 
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liquid  becomes  red.     Cadet  obtained  a  decoction  with  Chip.u. 
coiiee  wiiich  produced  no  effect  upon  vegetable  blues ;  but  ^-^v—^ 
other  chemists  describe  it  as  changing  them  to  red,  and 
Hermann  pbtained  with  alcohol  a  solution  which  produced 
the  same  efiect. 

When  water  was  distilled  from  coffee,  what  came  over 
had  an  aromatic  odour,  and  a  few  drops  of  a  substance 
similar  to  myrtle  wax  swam  on  the  surface  of  it ;  the  resi- 
dual liquid  became  milky  when  mixed  with  alcohol,  and 
let  fall  a  substance  possessing  the  properties  of  giun. 

When  alcohol  is  digested  on  coffee^  it  acquires  some 
colour.  The  solution  when*  mixed  with  water  becomes 
milky,  and  lets  fall  a  whitish  resinous  matter.  The  residue 
being  evaporated  to  dryness  leaves  a  substance  composed 
partly  of  extractive,  and  partly  of  the  bitter  principle  dis- 
covered by  Chenevix.  From  these  experiments,  chiefly 
made  by  Cadet,  we  see  that  coffee  contains  an  aromatic 
principle,  a  little  oil,  gallic  acid,  mucilage,  extractive,  and 
bitter  principle.  It  contains  also,  according  to  Cadet,  sul- 
phate of  alumina,  lime^  muriate  of  potash,  and  a  little 
albumen,  which  separates  firom  the  decoction  in  the  form 
of  scum.  The  result  of  Cadet's  experiments  was  nearly  as 
follows.    Sixty-four  parts  of  coflfee  yielded 

G^^ 8-0  conttim- 

Resin « 1*0  cu^ 

Extract  and  bitter  principle 1*0 

Gallic  acid S*5 

Albumen   0*14> 

Fibrous  insoluble  matter 43*5 

Loss 6*86 


64.00 

Hermann  obtained  from  1920  parts  of  Levant  and  Marti- 
nique co£ke  the  following  proportions  respectively : 

Levant.  Martinique. 

Resin 74  ....  68 

Extractive 320  ....  310 

Gum 130  ....  144 

Fibrous  matter. 1335  ....  1386 

Loss •.,,.,•..  61  ••••  12 

1920  1920 
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Book  IV.      When  cofTce  is  roasted,  a  portion  of  tannin  is  formed  in 
'''"^/— ^  it  by  the  action  of  the  heat.     It  appears  also  that  a  new 

^J^  substance^  having  a  peculiar  agreeable  smell,  is  developed; 
but  the  nature  of  this  new  principle  has  not  yet  been  ascer^ 
tained.  It  is  developed  also  by  roasting  barley,  beans,  and 
a  great  variety  of  other  vegetables,  which  are  on  that  ac- 
count occasionally  employed  as  substitutes  for  coffee. 

An  elaborate  analysis  of  coffee  has  been  published  by 
Fiaysse.  He  examined  with  particular  care  the  bitter 
principle  of  cofl^  first  pointed  oat  by  Chenevix,  and  has 
endeavoured  to  show  that  it  is  in  reality  a  peculiar  acid,  to 
which  he  has  given  the  name  of  co£k  add.  It  reddens 
v^;etable  blues,  but  in  other  respects  does  not  seem  better 
entitled  to  the  name  of  acid  than  tanmn.  He  detected  in 
cofiee,  besides  this  substance,  a  quantity  of  albumen,  resin, 
luid  extractive.  It  contains  a  great  proportion  of  matter  in- 
soluble in  water.  Its  ashes  yield  muriate  of  potash  and 
carbonate  of  lime.  Payss^  could  not  succeed  in  ascertaining 
the  presence  of  tannin  in  roasted  cofiee.  When  cofiee  is 
distilled  it  yields,  according  to  him,  an  acidulous  water,  a 
thick  brown  oil,  and  carbonate  of  ammonia.  Very  little 
gaseous  matter  was  obtained.* 

Coco.  14.  Coco.     This  is  the  fruit  of  the  cocos  muifera^  one  of 

the  most  valuable  vegetable  productions  of  India.  A  de- 
tailed account  of  the  management  and  products  of  this 
tree  has  been  published  by  Lc  Goux  de  Flaix;f  but  we  are 
still  unacquainted  botli  with  the  constituents  and  chemical 
properties  of  the  nuts.  The  outer  coat  is  fibrous,  and 
formed  by  the  natives  into  excellent  cordage.  The  kernel 
contains  a  considerable  proportion  of  fixed  oil,  used  by  thd 
Indians  for  lamps.;]: 

Almonds.  15.  Almonds.  This  is  the  fruit  oi  ihe  amygdalus  com" 
munis,  used  both  as  an  article  of  food  and  in  medicine. 
There  are  two  kinds,  the  bitter  and  sweet.  The  latter  con- 
sists chiefly  of  fixed  oil  and  starch,  or  albumen ;  chemists 
have  not  yet  ascertained  correctly  which.  Bitter  almonds, 
besides  these  two  substances,  probably  contain  also  a  por- 
tion of  bitter  principle.     Prussic  acid  is  likewise  a  consti- 

♦  Ann.  de  Chim.  lix.  196. 

t  Phil.  Mag.  XX.  316;  and  xxi.  77  and  110. 

t  See  Texmant's  Indiau  iUcreations,  ii.  S82* 
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tu^t  of  them;  but  hitherto  almonds  hayenot  been  8ub«  ^Chap.  ii. 
jected  to  a  r^ular  chemical  analysis. 

16.  Nutmeg.  This  is  the  seed  of  the  myristica  moschataj  Nutmeg. 
a  tree  which  is  cultivated  in  the  Asiatic  islands.  The  co- 
vering of  the  nut  is  known  by  the  name  of  mace.  The 
nutmeg  varies  in  size  and  figure ;  it  is  furrowed  on  the  out-* 
side,  and  greyish  brown  internally.  Those  that  want  white 
streaks  are  the  best.  From  the  experiments  of  Neumann, 
we  learn  that  this  substance  contains  two  species  of  oil ;  a 
volatile  oil,  to  which  it  owes  its  peculiar  smell  and  taste, 
and  which  in  his  trials  amounted  to  about  r^  part  of  the 
nut;  and  a  solid  fixed  oil  resembling  wax,  and  amounting 
to  about  ^  of  the  nutmeg.  He  detected  also  a  quantity 
of  gum  ;  *  and  it  is  probable,  from  the  appearance  of  the 
kernel,  that  it  contains  likewise  starch.  By  expression,  the 
jsolid  oil  is  separated,  and  mixed  with  the  volatile  oiL  In 
that  state  it  is  sold  under  the  name  of  oil  of  mace^ 

17.  Pepper.     This  is  the  seed  of  the  piper  nigrum,  a  Pepper, 
shrub  cultivated  in  India  for  the  sake  of  its  berries.    Its 
outer  coat  is  of  a  dark  brown  colour;  when  deprived  of  it, 
the  berry  is  known  by  the  name  of  white  pepper. 

Pepper,  when  macerated  in  cold  water,  does  not  lose  its 
shrivelled  appearance.  The  infusion  acquires  a  brown 
colour,  reddens  vegetable  blues,  and  has  both  the  taste  and 
odour  of  pepper.  If  we  rqseat  the  maceration  a  number 
of  times,  the  liquid  still  continues  to  acquire  a  colour,  but 
it  ceases  to  have  the  smell  and  flavour  of  pepper.  White 
pepper  does  not  communicate  any  colour  to  water.  Hence 
the  colouring  matter  must  reside  in  the  outer  coat.  It  pos- 
sesses most  of  the  properties  of  extractive.  When  pepper 
is  macerated  in  alcohol,  the  liquid  acquires  a  light  yellow- 
ish green  colour.  When  distilled,  it  leaves  a  green  co- 
loured matter,  partly  resinous,  and  partly  oily.  This  oil 
is  the  source  of  the  odour  and  taste  of  pepper.  Its  taste  is 
extremely  hot,  and  its  smeU,  when  dissolved  in  alcohol, 
and  diluted  with  water,  extremely  pleasant  It  possesses 
nearly  the  properties  of  volatile  oil.  When  water  is  boiled 
for  some  time  with  ground  pepper,  it  acquires  the  property 
of  forming,  with  the  infusion  of  nutgalls,  a  precipitate, 
which  dissolves  again  when  the  liquid  is  heated  to  120^. 

*  Nenmann's  Chem.  p.  404. 
VOL.  ly.  T 
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Bodk  nr.  Hence  it  contaim  a  portkm  of  ttardu    llMte  tfcree  wah* 

^^""^^^""''^  atances,  starch,  ml,  and  esctractiTe^  wet  tlie'moat  tanaikaUe 
of  the  constituents  of  pepper.* 

Amtto,  18.  Anatta    Hiis  pigment  is  obtained  from  the  aeeda 

of  the  bixa  ordiana^  a  tree  cultivated  in  Guiana  and  odier 
parts  of  the  West  Indies.  When  ripe^  the  capanlea  axe 
gathered,  and  the  seeds  being  sqMntedp  are  pounded, 
steeped  in  water  for  we^s  or  mondui  thai  sidgected  to  the 
press;  and  the  colouring  matter  diua  obCanied  is  suffered 
to  subside^  collected,  and  dried.  A  shorter  pracess  has 
been  lately  proposed  by  Leblond.  Hie  oolooring  matter, 
which  is  confined  to  d^  surfrioe  of  die  seed,  is  separttted 
by  maceration  and  washing,  and  tihen  thrown  down  from 
the  water  by  an  acid«f  Anatto  is  usually  In  hard  cakes, 
brown  witbout,  and  red  within.  It  dissolveB  much  more 
easOy  in  aloolu)!  than  in  water.  Weak  alkaline  \tj%  dis- 
solve it  likewiie  with  fiuality.  The  decoction  of  anatto  has 
a  peculiar  smell  and  a  disagreeable  taste.  Its  oolour  is 
reddish  yeDow ;  alkalies  render  it  orange  ydhm;  and  ftom 
this  mixture  ibe  adds  throlv  down  an  onu^^e^coloored 
precipitate.:!^  The  chemical  nature  of  this  cdkmring  matter 
has  not  been  ascertained,  though  it  appeaors  to  be  inter- 
mediate between  extractiye  and  resin. 

Pbytolicca  19.  Berries  of  the  Phytolacca  decandra.  These  berries 
give  a  beautiful  purple  colour  to  water,  of  a  very  fugitive 
nature.  A  few  drops  of  lime  water  change  it  to  yellow ; 
and  this  yellow  liquid  is  the  most  delicate  test  of  acids  hi- 
therto observed.  The  smallest  quantity  of  acid  restores 
its  purple  colour.  Braconnot,  to  whom  we  are  indebted 
for  these  observations,  has  shown,  that  it  is  at  least  four 
times  as  delicate  as  the  infusion  of  litmus.  Unfortunately 
it  alters  its  nature  in  a  few  hours,  and  then  loses  its  delicacy 
as  a  reactive.  It  can  only  be  used  when  recently  pre- 
pared. $ 

Clubrooii.  20.  The  seeds  of  the  lycopoeHum  davatmnj  or  common 
club  moss,  have  been  long  remarkable  for  their  combusti- 
bility. They  are  extremely  small ;  and  when  blown  into 
the  flame  of  a  candle  they  take  fire,  with  a  small  explo- 


*  See  Nicholson's  Jour.li.  7.  f  Ann.  de  China,  xlvii.  113. 

t  Berthollet,  Eiemens  de  I'Art  de  la  Teinture,  ii.  S68. 
^  ADn.de  Chilli,  hdi.  81. 
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tioti)  and  are  used  in  theatres  to  imitate  the  appear-  Chap.  ii. 
ance  of  %htning.  They  have  been  subjected  to  chemical  ^**v**^ 
analysis  by  Bucholz.  From  1000  parts  of  the  seeds  he  ob- 
tained 60  parts  of  a  fixed  oil,  soluble  in  dcobol  like  castor 
oil;  SO  parts  of  sugar ;  IS  of  a  mucilaginous  extract.  There 
remained  a  matter  insoluble  in  water,  alcohol,  ether,  oil  of 
turpentine^'  and  alkaline  leys.  Bat  when  boiled  with  the 
last  of  these  agents,  ammonia  was  disengaged,  and  a  kind 
of  extract  formed.  When  2000  grains  of  this  substance 
were  distilled,  they  yiekled  290  ounce  measures  of  gas, 
which  was  a  mixture  of  carbureted  hydrogen  and  carbonic 
acid ;  1080  grains  of  a  brownish  oil,  containing  ammonia ; 
SSO  grains  of  a  watery  liquid,  holding  acetate  of  ammonia 
in  solution.  The  residue  in  the  retort,  amounting  to  310 
parts,  had  very  much  the  appearance  of  anthracolite. 
When  the  insoluble  part  of  the  seeds  was  boiled  in  nitric 
acid,  a  portion  of  oil  soluUe  in  alcohol  was  likewise 
formed.* 

21.  To  Braconnot  we  are  indebted  for  an  elaborate  Husk  of 
analysis  of  the  outer  husks  of  the  common  nuts  which  are  ^^^' 
firequendy  employed  in  France  as  a  dye  stufi^  probably  as 
a  substitute  for  nut  galls.     He  obtained  from  the  fresh 
husks  of  nuts  the  following  substances^f 

Starch.  Citric  acid. 

An  acrid  and  bitter  substance.  Phosphate  of  lime. 

Malic  acid.  Oxalate  of  lime. 

Tannin.  Potash. 


SECT.  X. 

OF  FRUITS. 


The  fruits  of  vegetables  are  equally  various  with  the 
seeds.    But  few  of  them  have  been  hitherto  subjected  to 
diemical  analysis.    They  almost  all  contain  an  acid ;  and  Constica- 
this  acid  is  usually  the  tartaric,  the  oxalic,  the  citric,  or^'*' 
the  malic,  or  a  mixture  of  two  or  more  of  them.    Hardly 
any  other,  except  perhaps  the  acetic,  has  thitherto  be^ 

*  Gehlen'e  Jonr.  vi.  593.  t  Ann.  de  Chim.  Izxiv.  SOS. 

T  2 
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Book  IV.^  found  in  firuits.  They  UBoally  contain  lil|^wiie  a  portion  of 
gummy  matter,  sometimes  starch;  and  the  fleiby  fimits 
contain  also  a  fibrous  matter,  not-  yet  aocuratelj  ex* 
amined.  Hie  colouring  matters  of  fiiiits,  eqiecially  the 
red,  dissolve  readily  both  in  water  and  alcohol ;  bat  very 
qieedily  decay  when  exposed  dry  to  die  acti<m  of  the  sun 
md  weather.    Hence  they  cannot  be  used  as  dyes. 

A  list  of  the  adds  contained  in  a  considerable  number 
of  fruits  has  been  g^yen  already  in  a  fi>rmer  part  of  thb 
work.  As  very  fisw  vegetable  fruits  have  hitherto  been 
analysed,  little  can  be  added  to  what  was  given  there.  The 
only  analyses,  indeed,  hitherto  pubUshedf  are  those  of 
tamarinds,  grapes,  and  cucumber. 

Taanrindf.  1.  Tamartnis. — This  substance  conusts  chiefly  of  a  pulpy 
matter  which  fills  the  pods  of  the  iamamdus  tiu&o,  and 
covers  the  seeds.  It  is  brought  to  Europe  preserved  in 
sugar.  We  are  indebted  to  Vauquelin  fi^  an  analysis  ef 
this  substance,  published  however  at  a  very  early  paiod  of 
his  chemical  career.  By  treating  the  pulp  of  tamarinds, 
such  as  they  are  sold  by  the  apothecaries,  first  .with  cold 
water,  and  afterwards  with  hot,  he  separated  the  following 
substances :  * 

Supertartrate  of  potash 300 

Gum 43S 

Sugar 1 152 

Jelly 576 

Citric  acid 864 

Tartaric  acid 144 

Malic  acid 40 

Feculent  matter 2880 

Water SS64 

9752 

Gnpcs.  2.  Grapes. — Though  grapes  have  be^i  repeatedly  ex* 

amined  by  chemists,  we  are  not  yet  in  possession  of  an  ac- 
curate chemical  analysis  of  their  constituents.  It  has  been 
Ascertained,  however,  that  they  contain  supertartrate  of 
potash,  tartaric  add,  citric  and  malic  acids.f    They  con- 

*  Ann.  de  Chini.  ▼.  99. 

t  BoaiUoDy  Jour,  de  Phys.  zsix.  3.    Panneotier.  Ann.  de  Cbim* 
lui.  119. 
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tain  &]so  abundaace  of  sugar,  a  portion  of  mucilage  and  chap.  ii. 
jelly,  some  albumen  and  colouring  matter,  and,  according  ^^""V"^ 
to  Proust,  a  portion  of  gluten. 

5.  Cucumber. — This  is  the  fruit  of  the  cucurbiia  dtruUuSf  Cucamber. 
and  is  well  known  as  an  article  of  food.     It  was  subjected 
to  analysis  by  Dr.  John,  who  found  600  parts  of  it  com- 
posed of  the  following  ingredients : 

Water 582-8 

Substance  similar  to  fungin    ....  S'2 

Soluble  vegetable  albumen 0*8 

Resin    0-25 

Extractive  with  sugar  ..........  9*95 

Mucus 

Phosphate  of  lime  . . 
Phosphate  of  potash 
Phosphoric  acid .... 

Ammoniacal  salt .  . .  ^ • 3*0 

A  malate 

Sulphate  of  potash . . 
Muriate  of  potash  •  • 
Phosphate  of  iron  •  .^ 


600*0» 


Pears,  apples,  lemons,  oranges,  &c.  have  not  yet  been 
subjected  to  chemical  examination.  The  few  facts  which 
have  been  ascertained  respecting  them  are  detailed  in  a 
different  part  of  this  work. 


SECT.  XI. 


OF  BULBS. 


By  bulbs  are  imderstood  tubercles  connected  with  the 
roots  of  vegetables,  very  analogous  to  the  buds,  and  contain* 
ing  the  embryo  of  a  future  plant.  The  potaioe  is  a  well 
known  example  of  a  bulb. 

Bulbs  vary  considerably  in  their  constituents  and  pro* 
perdes,  as  well  as  the  other  parts  of  plants ;  but  they  bear, 

*  Schweigj^er's  Jour.  ix.  34. 
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Book  IV.  upoii  the  whole,  a  considerable  resemblance  lo  the  seeds  of 
^  those  grasses  which  are  cultivated  under  the  name  of  com  ; 
at  least  starch  constitutes  a  notable  portion  ci  most  of  the 
bulbs  hitherto  examined.  Hence  sew&nl  of  them  are  em- 
ployed as  articles  of  food.  Few  of  them  hitherto  ba^e 
been  subjected  to  a  chemical  analysis.  I  can  only  there- 
fore specify  the  following : 
Potatoes.  1 .  Potatoes  are  the  bulbs  of  the  solanum  tuberosum^  an 
American  plant,  first  brought  to  this  oosntry  by  Sir  Walter 
Raleigh,  and  now  cultivated  in  every  part  of  Europe,  and 
in  Britain  constituting  one  of  the  most  important  articles 
of  food.  The  plant  and  the  bulb  are  too  well  known  to 
require  description. 

Potatoes  have  been  repeatedly  subjected  to  clvemical  ex- 
amination. Parmentier  published  an  elaborate  dissertation 
on  their  culture,  uses,  and  properties,  about  the  year  1776, 
which  contributed  considerably  to  promote  the  culdvation 
of  them  on  tlie  continent.  Dr.  Pearson  contributed  to  the 
Board  of  Agriculture  a  valuable  essay  on  potatoes,  con- 
taining a  set  of  chemical  experiments  on  them,  performed 
with  his  usual  skill  and  ingenuity ;  and  Einhof  has  published 
a  very  elaborate  analysis  of  the  root  in  the  fourUi  volume 
of  Gehlen's  Journal. 

The  variety  of  potatoe  which  chiefly  occupied  the  atten- 
tion of  Einhof,  was  that  which  has  a  red  skin  and  flesh- 
coloured  juice.  When  dried  by  a  moderate  heat,  till  they 
ceased  to  lose  any  weight,  potatoes  were  reduced  to  ^th  of 
their  original  weight.* 

The  analysis  of  this  root  was  conducted  by  Einhof  pretty 
much  in  the  same  manner  as  his  analysis  of  barley  and 
rye.  A  determinate  quantity  of  potatoes  was  reduced  with 
water  to  a  pulp,  and  then  washed  on  a  searce  till  the  liquid 
ceased  to  come  ofl^  milky,  or  to  hold  any  thing  m  solution. 
What  remained  on  the  cloth  was  the  fibrous  matter  of  the 
potatoe;  but  it  differed  essentially  from  the  fibrous  matter 
of  most  plants.  With  boiling  water  \t  formed  a  paste 
similar  to  that  made  by  means  of  starch,  and  when  dry  it 
assumed  a  semitransparent  appearance.  This  matter,  when 
triturated  in  a  mortar,  and  again  washed  with  water, 
yielded  a  considerable  portion  of  starch.     The  residue 

•  Gehlen's  Jour.  iv.  457. 
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which  was  of  a  light-grey  colour,  being  triturated  a  second  Chip.  ii« 
time^  fi>nned  a  powder  which  bore  a  considerable  resem- 
blance to  starch,  both  in  its  appearance  and  properties. 

The  liquid  with  which  the  potatoe  was  washed  was  at 
first  milky,  but  deposited,  on  standing,  a  heavy  white 
powder,  which  was  starch.  When  filtered  it  had  a  carmine- 
red  colour,  and  reddened  vegetable  blues.  When  boiled 
a  flaky  precipitate  separated,  partly  white  and  partly  red. 
This  precipitate  possessed  the  properties  of  albumen.  The 
residue,  evaporated  to  the  consistence  of  an  extract,  had 
a  brownish  colour,  was  insoluble  in  alcohol  and  ether, 
soluble  in  water,  and,  according  to  Einho^  was  a  mucila- 
ginous matter.  The  following  were  the  proportions  of 
these  various  substances  obtained  from  100  parts  of  pota- 
toes: 

Starch 15  Constim- 

Fibrous  starchy  matter 7  ^*' 

Albumen 1*4 

Mucilage^  in  the  state  of  a  thick  syrup .  •    4 

27-4 

To  ascertain  the  nature  of  the  acid  which  exists  in  pota- 
toes, Einhof  separated  the  Juice  of  potatoes  by  a  gentle 
pressure.  He  had  first  frozen  and  then  thawed  them,  to 
facilitate  the  separation.  Lime-water  was  added  in  excess 
to  this  liquid,  and  the  precipitate  was  digested  in  diluted 
sulphuric  acid,  to  separate  the  lime  from  the  acid.  Thus  Contain 
obtained,  it  was  found  to  be  a  mixture  of  tartaric  and  *^^^  *"** 
phosphoric  acids.^  The  sap,  thus  deprived  of  its  acid,  ickls. 
contained  an  excess  of  lime  in  combination  with  the  mu- 
cilage. Einhof  found,  that  this  lime  became  gradually 
saturated  with  carbonic  acid,  even  though  the  sap  was  kept 
In  close  vessels ;  and  that  in  process  of  time,  if  a  sufficient 
quantity  of  lime  were  present,  the  mucilage  acquired  a 
sweet  taste;  and  when  treated  with  alcohol,  a  portion  dis- 
solved, which  yielded  crystals  of  sugar.  This  he  considered 
as  a  conversion  of  the  mucilage  into  sugar. 

From  1820  parts  of  dried  potatoes,  Einhof  obtained  96  Athes. 

*  Though  Einhof  obtained  phosphoric  acid  by  the  method  described 
in  the  text,  it  does  not  follow  that  it  existed  in  the  potatoes  in  an  un- 
combined  state.  It  might  have  been  in  combination  with  lime,  and  held 
in  solution  in  the  potatoe  juice  by  means  of  iht  tartaric  acid. 
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ifclV.  pub  oragnjruh-wliite  aah.    Of  these,  64  puib  were  soId- 
V*^  ble  in  water,      Tliey   conaisted  chiefljr  tit  carbonate  of 
potaah;    but  contained  likewise  lOj-  parte  of  phosphoric 
Mad,  Sj-  of  snlphnric  acid,  and  two  of  rnnriadc.     The  ic- 
•olable  Sfi  parts  consisted  of  earths  and  oxidea.    Ftom  20 
parts  of  it  be  obtained 
S'5  ulicB, 
6*0  lime. 
4*0  alumina. 
7*0  magneua,  with  some  maoganew  or  oxide  of  iron. 


Einhof  examined  diflerent  kinds  of  potatoes.  He  Ibnnd 
the  same  ingredients  in  all,  but  the  proportions  Tahed 
considerably.  It  is  not  necessary  to  state  the  lesulta  of  his 
^>eriments,  because  the  same  variationB  doabtlws  occur 
even  in  the  same  kind  of  potatoe. 

But  as  it  may  be  useful  to  know  the  qoanti^  of  storch 
iamished  by  different  varieties  c^  potato^  the  following 
table,  drawn  up  &om  the  experiments  of  Mr.  ^^am 
Skrimsbire,  junior,  is  sutjoiqed.  Five  pounds  afoirdupcufl 
of  iresh  potatoes  were  used,  ^d  the  starch  was  separated 
by  grating  tfae  potatoe,  and  pouring  water  upto  it  placed 
i^xin  a  scarce.* 


VariHin  af  PulslOP)  nKd. 

1 

i 

3 

i 

i 

1 

1 

1 

1 

>• 

i 

1 
i 

1 

FiDctrHrrb.  ... 

DU«<,tlif;MI\  { 

cf.l,.nrMl...i 

Pulpdrifd 

lb.    M. 

0   g 

0     3 
3  14 

lb.  oz 
0     Ti 
0    Si 
0     6i 
3   15 

b.    OI 

0     0 

0  n 

0    3j 

4    ii 

lb.   nl 
0    9 
0    aj 

0     Si 

3  m 

0     6i 
0     Si 

0   H 

3  14* 

lb.  01 
0     Si 
0    Oj 
0     6i 
i     Oi 

10.    0>.)b.    D>. 

0    8     0    H 
0    (^  0     li 

0  i     0    8 

1  »i   3   IH 

Total.... 

5     0 

5    0 

5     0 

i    0 

a  0 

5     0 

S    0  1  5    0 

*  NicholtoD's  Jonr.  xxu  71. 
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*When  potatoes  are  exposed  to  the  action  of  frost,  it  is  Chap.  IL 
"well  Imown  that  they  become  soft,  and  acquire  a  sweet  !ttv^ 
taste.     This  taste  is  succeeded  by  a  sour  taste,  owing  to  crottonpo- 
the  rapid  evolution  of  acetic  acid,  and  the  root  soon  passes  ^^^'^ 
to   putrifaction.    From  the  experiments  of  £inho(  we  learn 
that  the  sugar  is  formed  at  the  expense  of  the  mucilage ; 
for  the  other  ingredients  were  found,  in  potatoes  sweetened 
by  frost,    in  the  usual  proportions.     He  considers  this 
sweetening  process  as  connected  with  the  v^etative  powers 
of  the  root. 

When  potatoes  are  boiled,  they  lose  from  1  to  1-^  per  Boilinf. 
cent,  of  their  weight.  The  juice,  which  may  be  separated 
from  them,  is  sweet-tasted.  The  meal  is  insoluble  even  in 
boiling  water,  though  potatoe  starch  forms  a  transparent 
solution  with  hot  water.  Thus  it  appears,  that  by  boilings 
the  albumen,  fibrous  matter,  and  starch  combine  together, 
and  form  an  insoluble  compound.* 

From  these  experiments,  it  appears  that  potatoes  differ 
essentially  from  wheat  and  barley  by  containing  no  gluten. 
They  approach,  in  some  measure^  to  the  nature  of  r}'e. 

2.  Garlic. — This  is  the  bulbous  part  of  the  root  of  the  Gariic 
allium  sativum,  and  is  well  known,  and  remarkable  for  its 
strong  smell  and  peculiar  taste.  It  was  much  celebrated  by 
the  ancients,  both  as  an  article  of  food  and  as  a  medicine. 
It  has  been  repeatedly  examined  by  chemists.  Tlie  analysis 
of  Neumann,  considering  the  state  of  the  art  of  examining 
vegetables  at  that  time,  must  be  considered  as  very  exact.f 
Cadet  has  subjected  it  to  a  chemical  examination.): 

When  dried,  it  loses  nearly  two-thirds  of  its  weight ; 
but  this  proportion  is  doubtless  subject  to  considerable  vari- 
ation. The  expressed  juice  of  garlic  is  of  a  thick  consist- 
ence like  mucilage,  and  slightly  reddens  vegetable  blues. 
When  diluted  with  water,  and  filtered,  it  yields  flakes  of 
albumen  when  boiled.  The  residue  consists  chiefly  of  mu- 
cilage, of  which  garlic  yields  a  very  great  proportion,  and 
of  extractive.  This  last  is  somewhat  acrid  in  its  nature. 
When  garlic  is  distilled  with  water,  it  yields  a  portion  of 
yellow  coloured  volatile  oil,  at  first  lighter  than  water,  but 
gradually  becoming  heavier  as  the  distillation  advances. 

•  GeUen's  Jour.  iv.  485.  t  Neumann's  Chcm.  p.  481. 

^  Ano.deChiQi.lix.  106. 
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BMkiY.  To.Hiift  ofl  garlic  oires  its  motl  rcmailnibb popertiei.    Its 

Jt*>r*^  lBst9  is  Tery  acrid»  and  its  smdl  strong.    When  applied  to 

«^aU.'    the  skin^  it  produces  an  irritati<»K  not  iafarior  to  cantha- 

iides,  and»  like  that  drug,  might  be  emplojed  to  Ulster  the 

skin.    When  triturated  with  oxide  of  iron,  it  immediately 

.  strikes  with  it  a  bbudt:  colour;  but  it  has  no efiect  upon  any 

other  metallic  oxide. 

Whai  garlic  is  treated  with  alcohol^  the  liquid  assumes 
a  reddislwyeUow  cdbur,  and  leaves^  when  evsporated,  a 
brown  extract,  very  acrid,  which  attracts  moisture  from 
the  air. 
Otheram-  When  garlic  is  distilled,  it  yidds  first  a  liquid  dightly 
coloured,  and  having  a  very  acrid  taste;  then  a  thick 
brown  oil,  and  abundance  of  inflammahle  air  and  carbonic 
acid.  The  liquid  in  the  recover  emits  the  smell  of  am* 
monia  when  mixed  with  lime.  When  40,890  parts  of 
I  were  incinerated,  they  left  48d6  parts  of  ashes,  or 
^  o^  the  original  weight  FrcMU  172  parts  of  these 
ashes  Cadet  obtained  the  following  substances : 

Potash SS 

Sulphate  of  potash  with  some  muriate  .  •  58 

Alumina « 2 

Phosphate  of  lime 15*6 

Oxide  of  iron 1*5 

Magnesia 9 

Lime 14* 

Silica 8 

14M 

From  1406  parts  of  fresh  garlic  he  obtained 

Mucilage 520 

Albumen 37 

Fibrous  matter   48 

Water,  by  estimate   ....  801 

1406 

CHdoa.  8.  Omon.— -This  is  the  bulbous  root  of  the  allium  cepa* 

A  &w  experiments  on  it  had  been  made  by  Neumann  and 
Cadet.  But  Fourcroy  and  Vauquelin  have  published  a 
very  curious  and  accurate  analysis  of  it*  When  reduced 
to  a  pulp,  and  subjected  to  the  press,  it  yields  a  viscid 
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jaiccv  toaewhat  opaque^  at  firat  cokmrieBS,  but  beooming  dwp.  IL 
graduaUy  red  in  conseqaence  of  the  oil  which  it  contains.  ^  v  "^ 
It  has  a  strong  smell,  and  reddens  vegetable  blues.  It  is 
precipitated  by  acetate  of  lead,  lime  water,  oxalic  acid, 
nitrate  of  silver,  and  potash.  When  distilled  it  yields  s 
milky  liquid,  slightly  acid,  on  the  surfieice  of  which  swim 
some  drqM  of  oil.  It  contains  a  little  sulphur  dissolved 
in  the  oil;  for  chlorine  gives  it  the  property  of  pre- 
cipitating nitrate  of  bar3rte8,  and  when  distilled  in  a  cop- 
per vessel  some  sulphuret  of  copper  is  formed.  The  por- 
tion of  juice  not  distilled  deposits  a  &wn*coIoured  sediment, 
having  a  strong  oniony  odour.  Alcohol  deprives  this  sedi- 
ment of  oil  and  of  sulphur ;  the  residue  seems  to  possess 
properties  analogous  to  those  of  gluten.  The  liquid,  from 
which  this  precipitate  has  separated,  contains  phosphoric 
acid,  sulphur,  and  gluten. 

When  onion  juice  is  kept  at  a  temperature  between  60^ 
and  70^  it  emits  no  gas,  but  it  changes  its  colour  succes- 
sively to  red  and  yellow,  and  lets  fall  a  fawn-coloured  sedi- 
ment. It  is  now  converted  into  vinegar  still  retaining  the 
oniony  odour;  a  proof  that  the  volatile  matter  remains  unde- 
composed.  This  vinegar  contains  in  it  a  good  deal  of  manna, 
which  readily  crystallizes  in  needles.  On  examining  recent 
onion  juice  no  manna  could  be  found  in  it,  merely  a  consi- 
derable quantity  of  uncrystallizable  sugar.  This  sugar,  in 
a  heat  between  60®  and  70*^,  is  gradually  decomposed,  and 
converted  into  acetic  acid  and  manna.  The  fawn-coloured 
matter,  which  precipitated  during  this  acetiiication,  con* 
sisted  of  gluten,  oil,  and  sulphur. 

Onion  juice  is  capable  of  undergoing  the  vinous  fermen- 
tation. When  eight  ounces  troy  were  mixed  with  IM 
cubic  inches  of  water,  and  somewhat  less  than  one  ounce  of 
barm,  they  underwent  a  brisk  fermentation,  and  yielded  by 
distillation  about  2*35  ounces  troy  of  strong  alcohol.  By 
Lavoisier's  experiments  3*7  ounces  of  sugar  would  have 
yielded  the  same  quantity  of  alcohol. 

Besides  the  preceding  constituents,  Fourcroy  and  Van* 
qnelin  found  in  onion  juice  mucilage,  phosphate  of  lim% 
and  citrate  of  lime.* 

4.  Squills. — This  is  the  bulbous  root  of  the  scilla  mari'  Sqnillt. 

•  Aon.  do  Chim.  Ixv.  161. 
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Book  I v.^  iinuif  and  is  employed  in  medicine  as  a  diaredc^  and  to 
excite  nausea  and  vomiting.  It  has  been  subjected  to  a 
chemical  examination  by  Vogel,  and  was  found  by  him  to 
owe  its  peculiar  properties  to  a  species  of  bitter  piinciple 
which  he  distinguished  by  the  name  of  sctUi/in,  which  has 
been  described  in  the  preceding  chapter.  From  dried  squills 
he  extracted  the  following  substances :  * 

Gum •  •  •  •     6 

Scillitin 35 

Tannin 24 

Citrate  of  lime .. 

Sugar •  • 

Woody  fibre  ...  SO 


SECT.  XII. 

OF  LICHENS. 


Histoiy.  The  lichens  are  a  class  of  plants  which  difier  almost  in 

every  respect  from  other  vegetables.  Many  of  them  have 
not  the  smallest  appearance  of  plunts,  but  form  hard  crusts^ 
which  cover  rocks,  wood,  trees,  &c. ;  others  have  the  form 
of  leaves  or  of  branches,  but  nothing  resembling  flowers  is 
visible.  It  was  to  Tournefort  and  Micheli  that  botany  is 
indebted  for  first  fixing  the  word  lidien^  formerly  vague  and 
ill  defined,  to  a  peculiar  set  of  plants.  Afterwards  Linnaeus 
placed  them  among  the  algae,  and  described  81  species. 
Since  that  time  a  great  variety  of  botanical  writers  have 
devoted  considerable  attention  to  them,  particularly  in 
ascertaining  and  describing  their  parts  of  fructification,  and 
the  various  changes  which  they  undergo  in  the  different 
periods  of  their  vegetation ;  but  few  only  have  attempted  to 
analyse  them,  or  to  point  out  the  usefiil  purposes  to  which 
they  may  be  applied.  Willemet  has  given  us  a  historical 
account  of  41  species  of  lichens,  and  detailed  their  medical 
and  economical  uses  with  considerable  accuracy.  Amoreux, 
in  a  dissertation  on  the  subject,  has  given  us  still  more  copi- 

*  Ann.  do  Cbim.  Ixxxiv.  147. 
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ons  details,  and  has  published  likewise  a  brief  chemical  Ch«p.  n. 
analysis  of  some  of  the  most  remarkable  lichens.     HoiF- 
mann,  who  had  previously  distinguished  himself  by  his 
botanical  arrangement  of  the  lichens,  published  an  account 
of  their  chemical  and  economical  properties  in  17879  and 
has  given  us  the  chemical  analysis  of  several,   made  by 
Georgi  with  considerable  care.    Westring  turned  his  atten- 
tion particularly  to  the  uses  of  the  lichens  in  dyeing;  and,  in 
seven  dissertations,  published  successively  in  the  Stockholm 
Transactions  from  1792  to  1797,  has  examined  almost  all 
the  lichens  of  the  north,  and  described  the  colours  which  * 
each  of  them  is  capable  of  yielding,  and  the  manner  of  ob- 
taining it.     It  is  to  these  writers,  and  to  Georgi,  that  we  are 
indebted  for  the  few  facts  known  respecting  the  composition 
and  chemical  properties  of  the  lichens. 

The  lichens  are  found  in  all  countries  and  climates,  and 
are  very  nnmerous;  considerably  more  than  two  hundred 
species  have  been  described  by  botanists  as  natives  of  Britain. 

From  the  experiments  of  Georgi,  professor  of  chemistry  some  li- 
in  Petersburgh,  we  learn  that  the  lichen  farinaceus,  glau-  ^^^*  «*"" 
cus,  and  physodes,  form  with  water  a  mucilage  which  yields, 
when  evaporated,  a  gum  as  transparent  and  tasteless  as 
gum  arabic.     Lichen  pulmonarius  yields  likewise  a  gum, 
but  its  taste  is  somewhat  bitter.    The  gum  yielded  by  these 
lichens  amounted  to  -J-th  of  their  weight.     When  treated 
with  alcohol,  the  liquid  acquires  a  green  colour  and  a  bitter 
taste.*     Amoreux,  who  repeated  these  experiments,  ob- 
tained from  the  lichen  pulmonarius  a  reddish  gum,   much 
less  transparent  than  gum  arabic  This  lichen  gave  a  yellow 
colour  to  alcohol.     Probably  he  had  examined  a  different 
species  from  that  tried  by  Georgi,  or  if  not,  the  lichens  must 
have  been  of  very  different  ages. 

Amoreux  found,  that  when  the  lichen  prunastri  was 
steeped  in  water,  its  branches  became  transparent,  like 
animal  membrane,  and  adhered  strongly  to  paper.  In  this 
state  it  is  insipid,  but  as  friable  as  celery.  He  pbtained 
abundance  of  gum  from  the  lichen  islandicus,  and  from  «11 
the  broad-leaved  lichens  tried.     He  succeeded  in  extract- 

*  See  the  experiments  of  Georgi,  as  quoted  by  Amoreax^  in  bis  Re- 
setrdiet  et  Experiences  sur  les  divers  lichens^  p.  94. 
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iboklY.  ing  gam  from  the  lichen  fraadneos  mniiiin  and  capawffc 

^'   V  -'^  Thb  last  gave  a  lenKm-yellow  ocdour  to  anuBoiiim.* 

aonenuf      Oeoi^  foiind»  that  when  the  lidm  fhfaode%  hirtii% 

fgg^    "*  fiurisaceiis^  and  pufanonarius,  were  boiled  in  water,  they 

yielded  s  yeUowish  mucilage  nearl|y  insipid^  and  dial  the 

lichens  thus  treated  mig^tbeeatenwithsalt  Tliey  all  yielded 

a  pDrticn  of  lesin  to  alcohol,  bat  it  did  aotipie  a  taste  to  the 

water  in  whidi  they  were  boiled.    When  inrinfratfd,  these 

lichens  yidded  a  little  potasht  lime^  and  ailiea,  bat  no  sal- 

phnric  or  muriatic  salt.    When  distiHecl,  they  yielded  an 

*  acidulous  water,  and  a  yellow  or  Harfc**^  oil  which  sank  in 

water. 

Such  are  the  imperfect  experiments  hitherto  made  on  the 
constituents  of  a  few  of  the  lichens.  One  of  diem,  however^ 
the  lichen  islandicusj  has  been  sutgected  to  a  rigoioai  and 
carious  analysb  by  Bendius.  He  obtained  firom  100  parts 
of  this  lichen  the  fdlowing  constituents : 

Sjrrup  ••••••••• •••••••••.    S*ff 

Bitartrateofpotash  with  some  tartrate?     .^ 

ofUme8naphoq>liateoflime....5 
Bitter  principle .  •  • .  • • S 

Green  wax 1*6 

Gum S*7 

Extractive  colouring  matter 7*0 

Starch   44*6 

Starchy  insoluble  matter S6*6 

101*6t 
Berzdins  afterwards  examined  the  lichen  plicatus,  lichen 
barbatua,  lichen  fastigiatus,  and  the  lichen  fraxineus.     He 
found  them  all  characterized  by  the  presence  of  a  qpecies  of 
starch  which  possesses  several  peculiar  properties.} 

I  shall  now  mention  such  of  the  lichens  as  are  most  re- 
markable for  the  colouring  matters  which  they  yield; 
Afcha.  1.  Lichen  roccella. — This  lichen,  which  grows  abundantly 

in  the  Canary  islands,  but  which  is  found  also  on  the  south 
coast  of  Elngland  and  France,  yields  the  dye  stuff  called 

*  See  the  experii^ents  of  Oeorgi,  as  quoted  by  Amoreux  in  lus  Re^ 
Mudies  et  Experiences  sur  les  divers  lichens,  p.  95. 
t  Ann.  de  Chim.  xc.  S77.  t  Af hM«Uiiigar,iii.  -Sai. 
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orchiL  Vwe  b^eve  ToiumeTor^  this  dye  stuff  was  known  Chap,  lu 
to  the  ancients,  and  was  employed  to  produce  the  colour  ^""-"-v"*^ 
known  among  them  by  the  name  o(  purple  of  amargos.  Be 
that  as  it  may,  the  colouring  property  of  the  lichen  roccella 
was  accidentally  discovered  by  a  Florentine  merchant  in 
1300,  who  observed  that  urine  gave  it  a  fine  violet  colour. 
Since  that  time  it  has  been  an  article  of  commerce,  and  was 
long  prepared  in  Florence.  The  lichen,  reduced  to  powder, 
is  put  into  a  vat  with  urine  and  quicklime,  and  r^rularly 
stirred,  fresh  urine  and  lime  being  added  till  it  has  acquired 
the  destined  colour.  Other  substances  were  likewise  added ; 
but  it  has  been  shown  that  these  only  are  essential.  Hellot 
ascertained,  that  by  treating  lichens  with  lime  and  ammo- 
nia, their  colouring  matter,  if  they  have  any,  will  be  deve- 
loped; and  Westring  has  amplified  the  process  by  substi- 
tuting sal-ammoniac  for  ammonia. 

Archil  thus  prepared  is  used  occasionally  to  brighten 
other  colours,  but  the  colour  which  it  yields  is  &r  from 
fixed.  It  is  employed  to  tinge  the  alcohol  used  in  thermo- 
meters. NoIIet  observed  that  this  tincture  became  odoar- 
less  when  kept  excluded  from  the  air,  but  that  it  recovered 
its  colour  again  when  air  was  admitted.  The  nature  of  the 
colouring  matter  of  archil  has  not  yet  been  ascertained  by 
chemists. 

2.  Lichen  parellus. — From  this  lichen,  which  grows 
abundantly  in  the  mountains  of  Auvergne,  and  other  parts 
of  France,  and  which  is  common  also  in  Britain,  the  pig- 
ment called  archil  of  Auvergne  is  prepared.  The  process  is 
pretty  much  the  same  as  that  by  which  the  lichen  roccella  is 
prepared,  and  the  pigment  is  distinguished  by  the  same 
name,  and  applied  to  the  same  use^  but  is  not  considered  as 
so  valuable.  It  is  obvious  that  the  colouring  matter  of  each 
is  analogous. 

S.  Lichen  pertusus* — Treated  with  lime  and  sal-ammo-  other  u- 
niac,  it  yielded  a  brown  colouring  matter  to  Westring.        c?^.» 

4.  Lichen  ventosus, — This  lichen  dyed  wool  of  a  brown  Curing 
colour,  which  resisted  the  action  of  alkalies.  mitten. 

5.  Lichen  hiematoma  3rielded  a  wax-yellow  colour. 

6.  Lichen  corralinus. — This  lichen  was  found  by  West- 
ring  to  abound  in  ccdouring  matter.  By  simple  infusion  in 
water  with  a  little  common  salt,  it  dyed  wool-yellow. 
Without  addition,  it  gives  a  deep  broWn  of  considerable 
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Book  nr.  permanence.    It  yidded  the  same  ookNir  whai  fittitod  iriA 
Ml»aiiiiiioiiiac  and  lime. 

7.  Lichen  ps^do'^xnralinus  yidded  m  ifaia  flnmge^  whkh 
was  brightened  by  muriate  of  cobalt. 

8.  Uchm  iariareus  yielded  a  fine  biomu 

9.  Ikkm  ceniryiiguSf  with  fixed  alkaliPib  yidded  a  fine 
waz-ydlow;  with  water,  a  brown;  widi  common  aak  and 
nitre,  an  orange. 

10.  lAckm  ja3eali&.— Thii  Ucfaen,  with  aoda,  yidds  a 
ydlow;  with  lime  and  sal-ammoniac^  a  nankeen;  and  with 
mnriate  of  soda  and  nitre^  an  onqga 

11.  Uckm  physodeSf  by  die  same  reagents,  yields  ya- 
rions  shades  of  yellow  and  brown;  Udrnrn  jmnpefWMSf  jA^ 
low  and  brown ;  Udwn  ienelluSf  yeUow,  olive^  and  reddish- 
fardwn;  lichen  JurfuraceuSf  yellow  and  brown.  The  same 
colours  were  obtained  firom  a  oonaideiaMe  oamber  of  leafy 
lidiens. 

Lichen  croceue^  with  lime  and  sal-ammoniac^  gwe  out  a 
red  cdour.  Westring  obtained  sereral  ocdoiuns  fiymi  other 
fichens;  and  by  mixing  several  of  them  together,  he  varied 
the  shades  and  produced  a  new  set  of  colonnyt  dlMbri^g 
both  in  their  intensity  and  fixity.  But  fi>r  thtfparticnlars 
of  his  numerous  experiments,  die  reader  is  reftired  to  Us 
dissertations  on  the  subject.* 


SECT.  XIII. 

OF  MUSHROOMS. 


Hiiiofjr.  The  mushrooms  are  a  class  of  plants  proverbial  for  the 
rapidity  of  dieir  growdi  and  dieir  speedy  decay.  When 
they  putrify,  they  give  out  an  extremely  unpleasant  odour, 
and  appear  to  approach  animal  matter  much  more  dosely 
than  other  vegetable  substances.  They  have  lately  at- 
tracted the  attention  of  M.  Vauquelin,  and  M.  Braconnot, 
to  whom  we  are  indebted  for  the  analysis  of  no  fewer  than 
17  species  of  this  hitherto  n^lected  tribe  of  vegetables. 

*  The  £r8t  has  been  translated  into  French,  and  printed  in  vols.  x?. 
and  xvii.  of  the  Annales  de  Chimte.  The  otben  are  imarted  in  CrelKt 
AnnaU  for  1796,  1797,  sad  1799. 
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BracooBot  hat  distinguished  the  ijIsoluUe  spongy  portion  Gha^  if. 
which  characterizes  the  mushrooms  by  the  name  oSfmginf 
and  under  that  name  it  has  been  described  in  the  preceding 
chapter.  It  approaches  woody  fibre  in  its  pr(^rties ;  but 
seems  to  be  sufficiently  distinguished  from  it  by  various 
characters  particularly  by  constituting  a  nourishing  article 
of  food,  and  by  being  much  less  soluble  in  alkaline  leys. 
Braconnot  likewise  ascertained  the  existence  of  two  new 
acids  in  mushrooms.  One  of  these  has  been  described  ia 
a  former  part  of  this  work  under  the  name  of  boletic  adeU 
The  other,  which  appears  to  constitute  a  very  general  in- 
gredient in  mushrooms,  he  has  on  that  account  distin* 
giiished  by  the  name  offungic  acid* 

Fungic  acid  was  extracted  from  the  boletus  juglandis  in  Fungie 
sufficient  quantity  to  examine  its  properties.  He  found*****" 
it  also  in  the  merulius  cantharelliiSy  boletus  pseudo^ignarius^ 
peziza  nigra,  and  the  phallus  impudkus.  Braconnot  ob- 
tained it  from  the  boletus  jugiandis  by  the  following  pro* 
cess.  The  juice  of  that  mushroom  was  pressed  out,  boiled^ 
and  filtered,  in  order  to  separate  the  vegetable  albumen « 
The  filtered  liquid  was  evaporated  to  the  consistence  of  au 
extract,  and  digested  repeatedly  with  alcohol.  The  undis- 
solved portion  was  dissolved  in  water,  imd  the  solution 
mix^  with  acetate  of  lead.  A  copious  precipitate  iell^ 
consisting  chieAy  ol  fimgate  of  lead.  This  precipitate  was 
decomposed  in  a  gentle  heat  by  means  of  dilute  sulphuric 
acid.  The  fungic  acid  thus  disengaged  was  saturated  with 
ammonia;  and  the  fungate  of  ammonia  purified  by  re* 
pcated  solutions  and  crystallizations.  It  was  then  dissolved 
in  water,  the  fungic  acid  was  precipitated  by  means  of 
acetate  of  lead,  and  the  fungate  of  lead,  after  being  caie^ 
fiilly  washed,  was  decomposed  by  means  of  diluted  sul- 
phuric acid.  Fungic  acid  thus  obtained  possesses  the  fol* 
lowing  properties. 

It  is  colourless,  has  a  very  sour  taste,  does  not  crystal* 
lize,  and  deliquesces  if  it  be  evaporated  to  dryness  and  ex- 
posed to  the  air. 

*  Tint  name  is  nnbappj,  because  according  to  tbc  received  principls 
of  iiamtDg  acids  it  indicates  that  the  acid  so  named  is  a  compoond  of 
/ungin  and  lygem ;  an.  opinion  so  &r  &oin  being  estaUbhed  that  it  has 
aoteren  beeo  advanced. 
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Boc*  IV        With  potash  and  soda  it  forms  ttnciystalliftable  fidtSi  ^rarjr 
^**'"^^"*^  soluble  in  water,  but  insoluble  in  alkdioL 
ungates.        ^]{/\l}^  ammonia  it  forms  a  salt  which  crystallizes  in  re- 
gular six-sided  prisms. 

With  lime  a  salt  not  altered  by  exposmre  to  the  air,  and 
soluble  at  the  temperature  of  73^  in  18  times  its  weight  of 
water. 

With  barytes,  a  salt  difficultly  crystallizaUe,  and  soluble 
in  15  times  its  weight  of  water,  at  the  usual  temperature  of 
the  atmosphere. 

With  magnesia,  a  salt  soluble  in  water  and  in  small  gra- 
nular crystals. 

With  alumina,  an  uncrystallizable  salt  having  the  apr 
pearance  of  gum. 

With  oxide  of  manganese,  a  salt  similar  to  &e  fungate 
of  alumina. 

With  oxide  of  zinc,  a  salt  moderately  soluble  in  water, 
which  crystallizes  readily  in  parallelopipedons.  When  ex- 
posed to  the  heat  of  a  candle  it  bums  without  froiliing  and 
leaves  the  oxide  of  zinc  pure. 

When  dropped  into  acetate  of  lead  it  occafions  a  white 
precipitate  soluble  in  acetic  acid.  When  dropped  into 
nitrate  of  silver  no  precipitate  appears ;  but  a  precipitate 
falls  when  an  alkaline  fungate  is  dropped  into  that  salt.^ 

The   followinfy  are  the  diflctent  species  of  mushroom 
hitherto  subjected  to  analysis. 
Agiricus  I.  Agaricus  campestris, — This  agaric,  which  is  a  com- 

campcstri«.  ^^^^  article  of  food,  was  analysed  by  M.  Vauquelin,  who 
found  in  it  the  following  substances  : 

(1.)  Adipocire.  This  substance  was  obtained  by  boiling 
in  alcohol  the  matter  that  remained  after  the  juice  of  the 
agaric  was  pressed  out.  The  alcohol  on  cooling  deposited 
the  adipocire  in  flocks.  It  has  a  brownish-white  colour,  it 
has  a  fatty  feel  like  that  of  spermaceti,  melts  when  heated, 
and  gives  off  a  white  vapour,  having  the  odour  of  fat. 

(2.)  An  oily  or  fatty  matter, 

(3.)  Vegetable  albumen. 

(4.)  The  sugar  of  mushrooms. 

(5.)  An  animal  matter  soluble  in  water  and  alcohol. 

*  Ann.  de  Cliim.  IxxKvii.  244. 
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When  beited  it  gives  out  the  smell  of  roastiag  meat.    Si-  Gh«p.  ii. 
mihu*  to  the  substimoe  called  osmaxome.  ^"V"^ 

($•)  An  animal  substance  insoluble  in  alcohol. 
(7.)  Fungm. 
(8).  Acetate  of  potash.* 

2.  Agaricus  volvaceus, — This  agaric,  according  to  theAstricut 
analysis  of  Braconnot,  contains  the  following  constitueots ;  ^^^^^^"'* 
(1.)  Much  water. 
(2.)  Fongin. 
(8.)  Gelatin. 
(4.)  V^table  albumen. 
(5.)  A  great  quantity  of  phosphate  of  potash. 
(6.)  Acetate  of  potash. 
(?•)  Sugar  of  mushrooms. 
(8.)  A  fluid  brown  oil. 
(9.)  Adipocire. 
(10).  Wax. 

(11.)  A  very  fugaceous  deleterious  matter. 
(12.)  An  uncombined  acid,  suspected  to  be  the  acetic. 
(13.)  Benzoic  acid. 
(14.)  Muriate  of  potash.f 

8.  Agaricus  acris  or  piperaius, — ^This  agaricus  was  exa^  Agaricus 
mined  by  Dr.  Lister  in  1672.  J     He  obtained  from  it  a**^"»' 
milky  juice  with  taste  hotter  than  pepper,  not  discoloured 
by  exposure  to  the  air,  nor  by  the  blade  of  a  knife.    It 
speedily  coagulated  when  kept  in  a  glass  vessel ;  but  did 
not  lose  its  hot  taste.   Trommsdorf  made  some  experiments 
on  it,  and  extracted  irom  it  a  peculiar  acrid  matter  and 
vegetable  albumen.     Whoi  distilled  it  yielded  a  consider- 
able quantity  of  carbonate  of  ammonia.§    Braconnot  sub- 
jected it  to  an  elaborate  analysis,  and  extracted  from  it 
the  following  substances : 
Water. 
Fungin. 

Vegetable  albumen. 
Oelatin. 

Much  adipocire. 
Acetate  of  potash. 
Sugar  of  mushrooms. 

*  Ann.  de  Chim.  bxxr.  7.  t  Ibid.  Ixxiz.  876. 

t  FhU.  Tnm.  vii.  5116.         S  Ann.  d#  Chim.  mi.  ii$0. 
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Book  IV.  Phosphate  of  potash. 

^*"v— '  A  peculiar  vegetable  add  united  to  potash. 

An  oUy  matter. 

A  very  acrid  and  iiigaceous  matter. 

Muriate  of  potash.* 
Stypticiu,       4.  Agraricus  styplicus. — Twenty  parts  of  this  agaric  ana- 
lysed  by  Braconnot,  yielded 


Fungin 16*7 

Resin....?  ..^ 

Adipocire.  5 *  *  *  * 

Unknown  gelatinous  substance  •  •  ^ 
Combustib^  acid  united  to  potash*  >     VB 
A  fugaceous  acrid  prindple     •  •  • .  J 
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Bulbosnsy  5.  Agaricus  bulbosus. — VauqueEn  subjected  this  agaric 
to  some  experiments,  and  extracted  firom  it  the  fiJIowing 
substances. 

An  animal  matter  insoluble  in  alcohol. 
Osmazome. 

A  &tty  soil  matter,  of  a  yellow  colour  and  acrid  taste. 
An  acid  salt,  which  is  not  a  phosphate. 
The  scelcton  of  the  agaric  when  distilled  yielded  an  acid.^ 
Tbcogilus,      6.  AgariciLS  thcogahis. — Vauquelin  extracted  from  this 
agaric, 

Sugar  of  mushrooms. 
A  fatty  matter  of  a  bitter  and  acrid  taste. 
An  animal  matter  insoluble  in  alcohoL 
Osmazome. 

A  salt  with  a  vegetable  acid.  § 
Muscarius.      7.  Agaiiais  mtiscariits. — This  agaric  was  examined  by 
Vauquelin,  who  extracted  from  it 

The  two  animal  matters  contained  in  the  last  agaric. 
A  fatty  matter. 

Muriate,  phosphate,  and  sulphate  of  potash. 
The  sceleton  both  of  this  and  the  preceding  species 
yielded  an  acid  when  distilled.  || 
Bolcttwju-      8.  Boletus  juglandis, — Braconnot  subjected  this  boletus 

sUndUf 

•  Ann.  de  Chim*.  Ixxix.  285.  f  Ibid,  Uxxvii.  S60. 

t  Ibid.  Uxxv.  23.  ^  Ibid.  p.  24.  |  Ibid. 
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MUSBBOPMS..  •  SdS 

to  aa  elaborate  and  ingenious  analyais.    He  found  1260  Chap.  IL 
parte  of  it  oompoaed  of  the  following  constituents!  ~ 

Water 1118-8 

Fungin 95*68 

Animal  matter  insoluble  in  alcohol  •  18 

Osmazome   12 

Vegetable  albumen 7*2 

Fungate  of  potash 6 

Adipocire    1*2 

An  oily  matter    •  •  •  1*12 

Sugar  of  mushrooms 0*5 

Phosphate  of  potash   •....  Trace 


m 


1260i)* 

9.  Boletus  viscidus, — Braconnot  found  this  boletus  com-  Viscidasy 
posed  almost  entirely  of  an  animal  mucus,  which  acquires 
cohesion  when  heated,  and  becomes  in  part  insoluble  in 
water,  f 

10.  Boletus  pseudo4gmarius. — A  large  boletus  of  this  Pteudo-ifi^ 
species  was  subjected  to  an  elaborate  analjrsis  by  Bracon-  °^"*» 
not,  who  extracted  from  it  the  following  substances : 

Waten 

Fun^, 

A  sweet-tasted  mucilaginous  matter. 

Boletate  of  potash. 

A  yellow  fatty  matter. 

Vegetable  albumen. 

Phosphate  of  potash  in  small  quantity. 

Acetate  of  potash. 

Fungic  acid  in  a  state  of  combination.  % 

11.  Boletus  larids^ — This  plant,  in  a  dry  state,  is  used  on  Ltridf, 
the  continent  as  a  medicine,  and  sold  under  the  name  of 
ugaric    It  has  been  examined  by  Bouillon  La  Grange.  § 

It  is  in  pieces,  which  are  white,  light,  and  friable.  The 
outer  skin  is  l<sathery  and  dark-coloured.  Its  taste  is  at 
first  sweetish^  but  it  leaves  a  bitter  and  acrid  impression  la. 
the  mouth.  When  steeped  in  water,  it  communicates  a 
yellowish  colour  and  a  sweetish  taste  to  the  liquid^    The 

*  Ana.  de  Chim.  Iizxtu.  337.  t  ll>id.  Izxix.  309. 

t  Ibid.  lin.  S7S.  $  Ibid.  li.  76. 
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Bookiv.^  infusioa^' Reddens  *T^[etable  bines;  and  bokb  in  solntioii 
'  sulphate  of  potash,  sulphate  of  lime^  and  muriate  of  potash* 
When  this  mibstanoe  is  boiled  in  water,  the  liquid  acquires 
a  gelatinous  form  as  it  cools.  Evaporated  to  dryness,  and 
treated  with  lime,  the  odour  of  ammonia  becomes  percepti- 
ble. Alcohol,  boiled  upon  the  boletus,  acquires  a  red  co- 
lour ;  and  when  mixed  with  water,  lets  fidl  a  copious  preci- 
pitate, which  exhibits  the  properties  of  a  resin.  This  resin 
has  a  yellow  colour,  is  brittle,  semitransparent,  and  has  a 
sour  and  bitter  taste.  When  treated  with  lime,  and  the  so- 
lution afterwards  decomposed  with  muriatic  acid,  a  quantity 
of  benzoic  acid  is  obtained  firom  it  From  these  experi- 
ments it  is  evident  that  this  substance  contuns  resin,  ben- 
zoic acid,  different  salts,  some  extractive,  and  some  animal 
matter,  to  which  the  gelatinous  form  of  the  decoction  must 
be  ascribed. 

Sulphuric  acid  dissolves  and  rapidly  chars  the  boletus. ' 
Nitric  acid  acts  with  energy ;  nitrous  gas  is  disengaged,  and 
the  boletus  becomes  brown.  By  continuing  the  action  of 
the  acid,  crystals  of  oxalic  acid  are  obtained ;  malic  acid  Ls 
likewise  formed,  together  with  some  resin,  and  a  substance 
which  approaches  the  nature  of  wax  in  its  properties.  The 
fixed  alkalies  give  it  a  red  colour,  render  it  gelatinous,  and 
a  great  quantity  of  ammonia  is  disengaged.* 
Bol-tusig-  12.  Boletus  igniariu^. — This  boletus  is  not  uncommon  in 
niarius,  this  country  on  the  trunks  of  trees.  A  variety  of  it  is  used 
in  Germany  and  some  other  countries  as  tinder  It  is  pre- 
pared for  this  purpose  by  boiling  it  in  a  solution  of  saltpetre, 
beating  it  till  it  becomes  sufficiently  soft,  and  then  boiling 
it  a  second  time  in  the  same  solution.  In  1750  it  was  re- 
commended by  Brossard,  a  French  surgeon,  as  an  excellent 
styi'iic;  and  variou3  trials  were  made  with  it,  both  in 
France  and  Britain.  It  has  been  subjected  to  a  chemical 
examination  by  Bouillon  La  Grange.f 

When  boiled  in  water  the  liquid  acquires  a  deep  brown 
colour  and  a  slightly  astringent  taste.  It  holds  in  solution 
sulphate  of  lime  and  muriate  of  potash.  When  evaporated 
to  dryness,  it  leaves  a  brown-coloured  extract,  which  at- 
tracts moisture  from  the  atmosphere.   Tliis  substance,  when 

♦  Bouillon  la  Grange,  Ann.  de  Chim.  li.  76. 
-»-  Ann.  de  Chim.  liv.  92. 
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inctnentai^  left  a  white  ash,  containing  a  comiderible  por- 
tion of  potaab;  and  when  dissolved  in  water,  exhibited,  by 
reagents,  the  presence  of  lime,  and  of  muriatic  and  sulphu- 
ric acids.  The  residual  portion*  of  the  boletus,  being  cal- 
cined, was  found  to  contain  phosphates  of  lime  and  mag- 
nesia, and  some  iron. 

Alcohol  has  scarcely  any  action  on  this  boletus;  but 
when  assisted  by  heat,  it  dissolves  a  small  portion  of  resin. 
Nitric  acid  dissolves  it  readily ;  malic  and  oxalic  acids  are 
£)rmed,  and  probably  also  a  portion  of  bitter  principle^ 
while  carbonic  acid  and  nitrous  gas  are  disengaged.  Alka- 
line leys  dissolve  it  with  dif&cuhy;  fbrming,  however,  a 
soapy  liquid,  and  separating  a  small  portion  of  ammonia. 
From  these  experiments,  we  learn  that  this  boletus  diflers 
in  many  respects  from  the  preceding.  It  contains  much 
less  resin,  and  a  much  smaller  proportion  of  animal  mat- 
ter, and  yields  no  traces  of  benzoic  acid.  * 

IS.   Hydnum  repandum. — This  bydnum  is  not  uncom-  Hydnum 
mon  in  the  woods.     It  has  a  yellow  colour.     Braconnot '^'"^"'"' 
subjected  it  to  analysis,  and  extracted  from  it  the  following 
substances : 

Water. 

Fungin. 

Gelatin  in  small  quantity. 

Sugar  of  mushrooms  in  ccmsiderable  quantity. 

Much  acetate  of  potash. 

Fkuigate  of  potash. 

A  litde  phosphate  of  potash. 

Another  vegetable  alkali  united  to  potash. 

An  oil. 

Adipocire. 

A  very  fugaceous  acrid  matter. 

Muriate  of  potash.t 

14.  Hydnum  l^bridum.-^Thnn  hydnum  has  a  blackish- Hibridmn. 
brown  colour,  has  not  an  acrid  taste,  and  when  distilled 
yields  no  ammonia,  but  leaves  a  very  alcaline  ash.    Its  con- 
stituents  according  to  Braconnot  are 

*  Booilloo  La  OrangiB,  Ann.  d«  Cbim.  liv,  92^ 
t  Ann.  de  Chim.  Ixxix.  S91. 
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Book  IV.  bhiation  of  oxalic  add  and  bitter  principle.    He  mpected 
^■*>^"-'^  ako  the  presence  of  malic  acid. 

Alcohol  disBolves  a  small  portion  of  brownidi  bicter 
matter^  which  acquires  the  properties  of  resin  by  exposure 
to  the  atmosphere. 

When  truffles  are  left  in  the  state  of  a  paste  witb  water^ 
they  acquire  the  smell  of  cheese.  When  mixed  with  sugar 
and  water  they  undergo  fermentation,  carbonic  acid  is  dis- 
engaged, and  alcohol  formed. 

When  distilled,  truffles  yield  an  acid  Cqnic^  a  black  oil, 
carbonate  of  ammonia,  carbonic  acid,  and  carbureted  hy- 
drogen.    The  charcoal  contains  Knagnesia»  phosphate  of 
lime,  iron,  and  silica.* 

Several  experiments  have  -been  likewise  made  upon  this 

plant  by  Robert  and  Antoine,    which  confirm  those  of 

Bouillon  La  Grange. 

Mucor  lep-      If).  Reticularia  portensis,  or  mvcor  septicus, — ^This  singular 

^^^'  "■      vegetable  substance  appears  upon  the  leaves  of  ivy  and 

beech,  but  it  is  most  common  upon  tan  in  hot  bouses.     It 

has  no  certain  size  or  figure^  but  has  a  fine  yellow  colour 

*     and  at  first  resembles  cream  beat  up  to  firoth.    In  24  Hoars 

it  acquires  a  thin  filmy  coat,  becomes  dry  and  fntt  of  a 

sooty  powder  adhering  to  downy  threads.     According  to 

the  analysis  of  Braconnot  its  constituents  are^ 

Fungin,very  much  divided. 

A  notable  quantity  of  carbonate  of  lime. 

Albumen. 

An  animal  matter. 

A  yellow  fatty  matter. 

Acetate  of  potash.f 

Trcmciia  20.  Tremella  nosioc, — I  place  this  singular  vegetable  sub- 
"°**°^*  stance  here  on  account  of  its  resemblance  to  the  preceding 
species.  It  has  more  similarity  to  an  animal  than  a  ve- 
getable body.  Some  naturalists  indeed  are  of  opinion  that 
it  is  the  spawn  of  the  frog  or  of  some  similar  animal.  Bra* 
connot  subjected  it  to  analysis  and  extracted  from  200  parta 
of  it  the  following  ingredients : 

•  Bouillon  La  Grange,  Ann.  de  Chim.  xlvi.  197. 
-^  Ann.  de  Chim.  Ixxx.  883. 
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Water « .  1 85*0 

Cerasin 15*8 

MuGUSy  having  a  spermatic  smell  ..••••       1*2 

Fat "^ 

Phosphate  of  lime . . 

Carbonate  of  lime . .  i    •      _  n  ^.^ 

Muriate  of  potash  . .  1™  ""*"  "P^^- 

Sniphate  ofpotash 

Potash 
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SECT,  XIV. 

OF   FUCI. 


Fuci  are  well  known  plants  that  v^tate  in  the  sea,  and  Histoiy^ 
by  the  combustion  of  which,  the  impure  alkaline  body  called 
Kelp  is  obtained.  Great  quantities  of  fuci  are  burnt  for 
this  manufacture  on  the  coasts  of  Scotland  and  Ireland. 
The  same  substance  is  made  on  the  coast  of  Normandy, 
and  is  known  in  France  by  the  name  of  varec.  Some  of 
these  f lid  were  examined  in  1777  by  Macquer  and  Poulle- 
tier  de  la  Salle,  chiefly  in  order  to  determine  the  different 
saline  substances  which  they  contain,  and  the  result  of  their 
experiments  was  published  by  Macquer  in  the  second  edi- 
tion of  his  dictionary .t  But  chemical  analysis  bad  at  that 
time  made  too  little  progress  to  enable  these  gentlemen  to 
determine  with  accuracy  the  nature  of  the  different  salts 
which  they  had  to  examine  and  separate.  Besides,  they  did 
not  distinguish  between  the  different  species  of  fuci ;  but 
subjected  them  indiscriminately  to  the  destructive  agency  of 
fire. 

Afler  the  discovery  of  iodine  in  kelp  the  attention  of 
chemists  was  naturally  turned  towards  the  fuci,  by  means 
of  which  kelp  is  procured.  Several  of  them  accordingly 
were  examined  in  1814,  by  Sir  H.  Davy,  who  detected 
traces  of  iodine  in  their  ashes.j:  In  1815,  an  elaborate 
analysis  of  six  different  species  of  fucus  was  published  by 


♦  Ann.  de  Chiin.  Ixxxvii.  265.  ■»   UhcIct  the  article  Varec. 

+  Phil.  Trans.  1814,  p.  505.  ' 
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Book  IV.  M.  Oanlder  de  Claubry.*  During  the  lame  yesr  Dr.  Johiit 
actuated  by  the  same  motive,  a  desire  to  detennine  whether 
iodine  could  be  detected  in  fuci,  made  a  aet  of  eiperimentt 
on  the  fucus  yesiculoaus,  which  he  likewise  pablished.f 
Vauquelin  had  previously  made  some  observations  on  the 
saccharine  matter  contained  in  different  fuci,  and  had 
shown  that  it  possessed  the  characters  of  manna,  and  this 
was  ftdly  confirmed  by  the  subsequent  e9q)eriments  of  M. 
Oaultier  de  Claubry.  I  shall  in  this  Section  give  the  con- 
stituents of  the  different  species  of  iucus  hitherto  subjected 
to  analysis. 

1.  Fucus  saccharinus. — This  which  is  very  common  on 
our  coasts  consists  of  a  single  linear  eliptic  leaf,  vnthout 
any  midrib.  It  has  a  tawny-green  colour,  and  when  full 
grown  is  about  5  feet  long  and  3  inches  wide.  But  it  varies 
prodigiously  in  size.  Gaultier  de  Claubry  analysed  this 
fiicus  by  treating  it  first  with  water,  then  widi  alcohoL  He 
examined  it  also  by  means  of  sulphuric  add,  nitric  acid^ 
and  potash.  Finally  he  subjected  it  to  combustion  and 
analysed  the  ashes  which  remained  behind.  The  constitu- 
tion of  it  was  found  very  complicated,  as  no  fewer  than 
21  ingredients  were  extracted  firom  it.  The  following  were 
the  substances : 


Fbeof  tie* 


A  saccharine  matter.  Manna. 
Mucilage     in     considerable 

quantity. 
Vegetable  albumen. 
Green  colouring  matter. 
Oxalate  of  potash. 
Malate  of  potash. 
Sulphate  of  potash. 
Sulphate  of  soda. 
Sulphate  of  magnesia. 
Muriate  of  potash. 
Muriate  of  soda. 


Muriate  of  magnesia. 
Hyposulphite  of  soda.^ 
Carbonate  of  potash. 
Carbonate  of  soda. 
Hydriodate  of  potash. 
Silica. 

Subphosphate  of  lime. 
Subphosphate  of  magnesia. 
Oxide  of  iron  probably  united 

with  phosphoric  acid. 
Oxalate  of  lime.$ 


Digiutus,       2.  Fucus  digitatus. — This  fucus  is  olive-coloured :  it  con- 

*  Ann.  deChiro.  yciii.  7^  and  113.        f  Schweigger's  Joar.  xiii.  464. 

t  I  am  not  acquainted  with  ibis  salt^  nor  do  I  know  any  method  by 
which  it  could  be  formed.  Probably  tjic  salt  obtained  by  M.  Gaultier 
de  Claubry  was  sulphite  of  soda. 

(  Ann.  de  Chim.  xciii.  83. 


fvch  Ml 

sists  of  a  grlindrieal  stem  somedmes  at  thick  as  a  walking  Chi|>.  IL 
stick  aod  about  two  feet  long*  The  summit  of  the  stalk 
suddenly  dilates  into  a  plain  broad  leaf,  sometimes  about  a 
fcot  in  breadth  and  a  foot  and  a  half  in  length,  and  diTided 
almost  to  the  base  into  sword-shaped,  ribless  s^ments,  from 
four  to  about  twelve  in  number.  It  is  much  employed  in 
Scotland  as  a  manure  for  the  land.  It  was  subjected  to 
analysis  by  Oaultier  de  Claubry,  who  found  in  it  the  same 
constituents,  as  in  the  preceding  species,  but  in  difierent  pro- 
portions. The  quantity  of  hydriodate  of  potash  which  it 
contained  was  much  smaller.* 

8.  Pucus  vesicuUmu. — This  very  common  focus  consists  Ve^culo- 
of  a  dichotomous  leaf,  the  edges  of  which  are  entire^  and 
in  the  disc  of  which  near  the  edges  are  immersed  a  number 
of  air  bladders  about  the  size  of  a  hazel  nut,  the  use  of  which 
seems  to  be  to  cause  the  leaf  to  float  in  the  water.  From 
the  analj^is  of  Oaultier  de  Claubry,  it  appears  to  contain 
nearly  the  same  constituents  as  the  preceding  species.  He 
did  not  obtain  the  mucilaginous  matter  which  the  focus 
saccharin  us  yields  in  such  abundance.  It  contains  less 
malic  aeid  and  less  iodine  than  the  focus  saccharin  us,  but 
its  other  constituents  are  the  same-f  John  from  100  parts 
of  this  fucus  in  a  dry  state  obtained  the  following  con- 
stituents : 

A  brownish-red  dimy  matter "^ 

Flesh-red  extract  with  some  sidphate  and  muriate  >     4 
of  soda J 

A  peculiar  acid — 

Resinous  fat 2 

Sulphate  of  soda  with  some  common  salt 3*1$ 

Sulphate  of  lime  with  much  sulphate  of  magnesia 

and  some  phosphate  of  lime   12*87 

Trace  of  oxides  of  iron  and  manganese — 

Membranous  matter  or  albumen  of  fuci . . .  •  • 78 

SUica? 
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4.  Fucus  serraius. — This  focus  like  the  preceding  is  a  Semauu 
dichotomous  leaf;  but  its  edges  are  serrated,  and  it  wants 

*  Ann.  de  Chim.  xdii.  113.  f  Ibid.  p.  116. 

t  Sdiwiinsr't  Jour.  siiL  464. 
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Book  iVi  the  air  bladders  which  characterize  .the  tencolosus.  When 
^^""V""^  analysed  by  Gaultier  de  Claubry,  it  yielded  abundance  of 
mucilage  and  albumen.  Alcohol  BepiuMeA  firom  it  a  bitter 
substance  of  a  brownish-red  colour ;  likewise  a  green  matter 
which  precipitated  when  the  alcohol  was  cooling,  and  which 
had  a  bitter  and  disagreeable  taste.  The  salts  are  the  same 
as  in  the  preceding  species ;  but  it  ^nnfaitia  more  iodine 
than  fucus  digitatus  or  vesiculosus ;  it  contains  likewise  a 
greater  quantity  of  carbonate  of  soda.* 
SiliqQosus,  5.  Fucus  siUquosus. — This  fucus  consists  of  a  waved 
coriaceous  stalk,  about  four  feet  long,  greatly  branched, 
dark-olive  when  fresh  but  quite  blade  when  dry.  The 
fructifications  have  the  appearance  of  little  flat  pods.  When 
examined  by  Gaultier  de  Claubry  he  obtain^  abundance 
of  albumen,  mucilage  having  a  brownish-red  colour,  a 
very  bitter  substance  soluble  in  alcohol,  a  substance  of  a 
greenish-brown  colour,  soluble  in  hot  but  insoluble  in  odd 
alcohol;  the  same  salts  as  in  the  preceding  species;  but 
very  little  iodine.  When  dried  it  becomes  covered  with  a 
notable  qiiantity  of  manna  sugar .f 
rUom.  6.  Fucus  Jilum. — This  consists  of  a  cylindrical  thread 

from  the  size  of  a  fiddle  string  to  that  of  a  whip  cord,  and 
often  twelve  feet  long.  Its  colour  is  olive-green.  When 
dry  it  becomes  nearly  black ;  but  by  exposure  to  the  air 
it  acquires  a  yellowish  or  nearly  white  colour.  When  ex- 
amined by  Gaultier  de  Claubry,  he  found  in  it  scarcely  any 
sensible  quantity  of  albumen,  a  good  deal  of  mucilage,  a 
very  little  green  matter  soluble  in  hot  alcohol,  and  precipi- 
tating as  the  liquid  cools :  The  same  salts  as  in  the  preced- 
ing species  ;  but  very  little  iodine.f 


SECT.  XV. 

OF   THE   DISEASES    OF   PLANTS. 

Having  now  given  such  an  account  of  the  parts  of  plants 
as  the  present  imperfect  state  of  the  vegetable  chemistry 
permitted,  it  remains  for  us  to  point  out  the  new  substances 

•  Ano.  de  Chim.  xciii.  119.  f  Ibid.  p.  121.  JW^l*  P*  ^^ 
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generated  in  plants  by  disease^  and  to  describe  the  proper-  Chap,  ii.^ 
Ues  of  these  substances.  But  though  the  diseases  of  plants 
are  numerous  and  well  marked,  and  though  the  effects 
which  they  produce  on  those  vegetables  i^hich  are  employed 
as  artides  erf*  food  are  often  severely  felt,  yet  little  projirress 
has  been  made,  either  in  ascertaining  the  nature  of  these 
diseases^  or  the  method  of  preventing  or  removing  them. 
The  IbUowtng  are  the  only  observations,  strictly  chemical, 
which  can  be  at  present  offered : 

1.  Old  trees  are  frequently  affected  with  a  kind  of  ulcer.  Ulcers. 
the  chief  seat  of  which  is  under  the  bark.  There  the  juices 
undergo  a  change,  and  acquire  a  certain  acridity,  which 
enables  them  to  corrode  and  destroy  the  solid  parts  of.  the 
plant  We  are  indebted  to  Vauquelin  for  an  examination 
of  the  sanies  or  morbid  liquid  which  (lows  from  the  ulcer 
in  these  cases.  He  collected  the  matter  which  he  examined 
from  the  elm,  which  is  particularly  subject  to  this  disease.* 

This  liquor  is  sometimes  nearly  transparent  like  water, 
and  having  an  acrid  and  saline  taste ;  sometimes  it  is  slightly 
coloured,  sometimes  blackish  or  brown.  It  deposits  upon 
the  sides  of  the  ulcer  a  soft  matter,  which  is  insoluble  in 
water.  The  bark  over  which  the  transparent  sanies  passes 
becomes  white  like  chalk,  acquires  an  alkaline  taste,  and 
effervesces  powerfully  with  acids.  It  becomes  friable,  loses 
its  fibrous  texture,  and  exhibits  the  appearance  of  crystals. 
By  means  of  a  glass  small  rhomboids  and  four-sided  prisms 
can  be  distinguished  in  it.  When  the  liquid  is  dark- 
coloured,  the  bark  assumes  a  black  appearance,  and  looks 
as  if  covered  with  a  coat  of  varnish.  This  black  matter  ib 
sometimes  in  such  quantity  that  it  assumes  the  appearance 
df  stalactites.  It  is  soluble  in  water,  has  an  alkaline  taste, 
effervesces  with  acids. 

The  white  matter  which  was  deposited  on  the  bark  of 
the  elm  round  the  ulcer,  was  found  composed  of 

Vegetable  matter 60*5 

Carbonate  of  potash  ....  34*2 

Carbonate  of  lime 5*0 

Carbonate  of  magnesia . .     0*3 

100-0 

*  Ana.  dUi  Cbim.  zxi.  39. 
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Book  IV.       The  black  shining  matter  consisted  of  carbonate  of  potash, 
^""^yr^^  and  a  peculiar  substance  which  was  obviously  ulmin. 

The  destructive  tendency  of  such  ulcers  in  trees  is  suffi- 
ciently obvious.  Vauquelin  has  shown,  that  to  produce 
the  quantity  of  white  matter  which  surrounded  the  ulcer 
of  the  elm,  and  on  which  he  made  his  experiments,  500  lbs. 
weight  of  the  wood  of  tlic  tree  must  have  he&k  destroyed.* 
Blight  in  2.  The  blight  is  a  disease  which  attacks  the  difierent  spc- 
wbeir,  ^j^  ^£  corn,  especially  wheat,  and  in  some  seasons  nearly 
destroys  the  crop.  It  begins  first  upon  the  leaves  and 
stem,  and  at  last,  attacking  the  seed,  destroys  a  consider- 
able part,  or  even  the  whole  of  it,  leaving  a  black  matter 
in  its  place.  Botanists  have  shown,  that  this  black  matter 
is  a  species  of  small  fungus,  which  draws  its  nourishment 
from  the  wheat.f  The  wheat  thus  loaded  with  the  black 
fungus  has  been  lately  examined  by  Fourcroy  and  Vau- 
quelin, in  order  to  ascertain  how  &r  the  experiments  of 
former  chemists  were  precise.  The  result  of  their  exami- 
nation has  been  published  in  the  sixtli  volume  of  the  An- 
nates de  Museum  d'Histoire  Naturelle.^ 

When  the  wheat  was  macerated  with  alcc^I,  it  gave  out 
a  portion  of  acrid  oil,  of  the  consistence  of  butter,  of  a  deep 
green  colour.  Water  in  which  it  was  steeped  acquired 
acidity,  and  when  saturated  with  potash  let  fall  an  animal 
matter,  mixed  with  phosphate  of  ammonia-and-magnesia, 
and  held  phosphate  of  potash  in  solution :  of  course,  the 
acid  which  it  contained  was  the  phosphoric  It  still  re- 
tained in  solution  a  matter  similar  to  gluten  of  wheat  al- 
lowed to  run  into  putrifaction.  ITie  residue,  distilled, 
yielded  water,  holding  in  solution  acetic  acid  and  acetate 
of  ammonia,  a  brown  oil,  and  a  quantity  of  charcoal, 
amounting  to  nearly  ^J-th  of  the  original  weight.  The  re- 
sult of  the  experiments  was,  that  blighted  wheat  contained 
an  acrid  oil,  putrid  gluten,  charcoal,  phosphoric  add,  phos- 
phate of  magnesia  and  ammonia,  and  phosphate  of  lime ; 
but  no  traces  of  starch  could  be  detected. 
In  barley.  S.  Barley  is  subject  to  a  similar  disease  with  wheat,  and, 
doubtless,  from  the  same  cause.      Einhof  has   subjected 

*  Ann.  de  Chim.  xxi.  89. 

f  See  ail  account  of  this  fungus,  with  figures  of  it,  and  ingenious  con- 
jectures respecting  its  propagation,  by  Sir  Joseph  Banks.  Nicbolson'b 
Jour.  X,  825.  J  No.  xxxv.  p.  332. 
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this  grain,  damaged  bythernbigo,  or  blight,  to  a  chemical  Cbap.iii. 
examination.  The  result  of  his  trials  coincides  pretty 
nearly  with  the  experiments  of  Fourcroy  and  Vauquelin 
on  blighted  wheat.  He  could  detect  no  starch  in  it.  The 
infusion  of  it  in  water  reddened  vegetable  blues,  and  con- 
tained an  acid,  which  appeared  to  be  the  phosphoric 
There  was  present  a  peculiar  animal  matter,  differing  in  its 
properties  firom  any  of  the  principles  of  barley,  and  a  quan- 
tity of  charcoal,* 


CHAR  III. 


OF  VEGETATION. 

We  have  now  seen  the  different  substances  which  are 
contained  in  plants,  and  of  which  they  are  composed ;  but 
we  have  still  to  examine  the  manner  in  which  these  sub- 
stances are  produced,  and  to  endeavour  to  trace  the  different 
processes  which  constitute  vegetation.  But  I  must  warn 
the  reader  not  to  expect  complete  information  in  this  chap- 
ter. The  wonders  of  the  vegetable  kingdom  are  still  but 
very  imperfecdy  explored ;  many  of  the  organs  of  plants  are 
too  minute  for  our  senses;  and  scarcely  a  single  process 
can  be  completely  traced. 

The  multiplicity  of  operations  continually  going  on  in 
vegetables  at  the  same  time,  and  the  variety  of  different, 
and  even  opposite  substances,  formed  out  of  the  same  in- 
gredients, and  almost  at  the  same  places  astonish  and  con- 
ibund  us.  The  order,  too,  and  the  skill  with  which  every 
thing  is  conducted,  are  no  less  surprising.  No  two  opera- 
tions clash ;  there  is  no  discord,  no  irregularity,  no  dis- 
turbance ;  every  object  is  gained,  and  every  thing  is  ready 
for  its  intended  purpose.  This  is  too  wonderful  to  escape  our 
observation,  and  of  too  much  importance  not  to  claim  our 
attention.  Many  philosophers,  accordingly,  distinguished 
equaUy  by  their  industry  and  sagacity,  have  dedicated  a 
great  part  of  their  lives  to  the  study  of  vegetation.  But 
hitherto  their  success  has  not  been  equal  to  their  exertions. 
No  person  has  been  able  to  detect  this  Agent^  always  so 

*  Gehlto's  Jour.  vi.  91. 
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,  buy,  and  perfonuing  tueh  wooden^  or  to  diioover  him  it 
hii  work ;  nor  have  pbiloe(^hen  been  much  more  fbrta> 
jwte  in  their  attempu  to  aecertaiD  the  inrtnuDanti  whid) 
he  employs  in  his  operationa,  A  great  variety,  however, 
fiS  curious  and  interesting  bets  hare  been  discovered. 
Tliese  I  ihall  attempt  in  the  fbUoving  sections  to  collect 
and  arrange,  to  point  out  their  dependence  on  each  otberi 
and  perhaps  to  deduce  such  consequences  ss  obviously  re<- 
nilt  from  Uiis  mutual  dependence. 


OF  GEBHUrATIOR. 

"      1.  Natural  historians  have  proved,  by  a  very  complete 
'"  induction  of  Jacts,  that  all  plwits  arise  from  seeds.     The 
pretended  exceptions  have  dis^ipesred,  one  after  another, 
as  our  knowledge  of  vegetables  increased :  and  now  there 
remuns  scarcely  a  ungle  objection  entitled  to  the  smallest 
r^ard.     The  late  attempt  of  Girtanner*   to  revive  the 
doctrine  of  equivocal   generation,   deserves  no  attentioq 
whatever ;  because  his  conclusions  are  absolutely  incompa- 
tible with  the  experiments  of  Mr.  Sennebier  upon  the  very 
substance  on  which  his  theory  is  founded, 
n-      A  seed  consists  of  three  parte ;  namely,  the  cotyledons, 
, .  the  radiclt,  and  the  ptianula,  which  are  usually  ioclosed  in  s 
cover. 

If  we  tnko  a  garden  bean,  we  may  perceive  each  of  these 
tlirec  parts  with  great  cose ;  for  this  seed  is  of  so  large  a 
size,  that  all  its  organs  are  exceedingly  distinct  When 
we  strip  off'  the  external  coats  of  the  bean,  „ 
which  are  two,  and  of  different  degrees  of 
thickness  in  different  parts,  wc  find  that  -M 
it  easily  divides  into  two  lobes,  pretty  X 
nearly  of  the  same  size  and  figure.  Each  of  i~ 
these  lobes  is  called  a  cotyledon  (fig,  a.)  ^^ 
The  cotyledons  of  the  bean,  then,  arc  two 
in  nombcr. 
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Near  diat  ptfrt  of  the  lobes  which  is  contiguous  to  what  Chap.  ill. 
18  called  the  eye  of  the  bean,  there  is  a  small  round  white  "'"^y"^ 
body  (b)f  which  comes  out  between  the  two  lobes.    TTiis  ^^^  *' 
body  is  called  the  radicle. 

Attached  to  the  radicle  there  is  another  small  round  body  Plumula. 
(c),  which  lies  between  the  cotyledons,  and  wholly  within 
them,  so  that  it  cannot  be  seen  till  they  are  separated  from 
each  other.    This  body  is  called  the  plumula. 

The  appearance  and  shape  of  these  three  parts  differ 
very  much  in  diflbrent  seeds,  but  there  is  no  seed  which 
wants  them.  The  figure  and  size  of  the  seed  depend  chiefly 
upon  the  cotyledons.  This  is  evidently  the  case  with  the 
bean,  and  it  is  so  with  all  other  seeds.  The  number  of 
cotyledons  is  difierent  in  different  seeds.  Some  seeds  have 
only  one  cotyledon,  as  the  seeds  of  wheat,  oats,  barley,  and 
the  whole  tribe  of  grasses;  some  have  three ;  others  six,  as 
the  seeds  of  the  garden  cress;  but  most  seeds,  like  the  bean, 
have  two  cotyledons. 

S.  When  a  seed  is  placed  in  a  situation  favourable  to  Gmnloa- 
vegetation,  it  very  soon  changes  its  appearance,  llie  radi-  ^^^ 
de  is  converted  into  a  root,  and  sinks  into  the  earth,  the 
plumula  on  the  other  hand,  rises  above  the  earth,  and  be* 
comes  the  trunk  or  stem.  When  these  changes  take  place, 
the  seed  is  said  to  germifiate :  the  process  itself  has  been 
called  germinatian.  Seeds  do  not  germinate  equally  and 
indifferently  in  all  places  and  seasons.  Germination,  there- 
fore, is  a  process  which  does  not  depend  upon  the  seed 
alone :  something  external  must  also  affect  it. 

S.  It  is  a  well  known  fact,  that  seeds  will  not  germinate  Requires 
unless  moisture  have  access  to  them ;  for  seeds,  if  they  are  ™o"^«» 
kept  perfectly  dry,  never  vegetate  at  all,  and  yet  their 
power  of  vegetating  is  not  destroyed.  JVater^  then,  is  es* 
sential  to  germination.  Too  much  water,  however,  is  no 
less  prejudicial  to  most  seeds  than  none  at  all.  The  seeds 
of  water  plants,  indeed,  germinate  and  vegetate  extremely 
well  in  water;  but  most  other  seeds,  if  they  are  kept  in 
water  beyond  a  certain  time,  are  rotted  and  destroyed  alto* 
gedier. 

4.  It  is  well  known  also,  that  seeds  will  not  germinate^  Heat, 
even  though  supplied  with  water,  provided  the  temperature 
be  below  a  oert^  degree.    No  seed,  for  instance,  on  which 
the  experimentbas  been  tried,  can  be  made  to  vegetate  at 


SOS  ^GETAtlOH. 

Book  IV.  or  below  the  freezing  point :  yet  this  degree  of  cold  does 
^^v*^  not  injure  the  vegetating  power  of  seeds;  for  many  seeds 
will  vegetate  as  well  as  ever  after  having  been^frozen,  or 
after  having  been  kept  in  frozen  water.     We  may  conclude, 
then,  that  a  certain  d^ee  of  heat  is  necessary  for  the  ger- 
mination of  seeds :  and  every  species  of  plant  seems  to  have 
a  degree  peculiar  to  itself,  at  which  its  seeds  begin  to  ger- 
minate; for  every  seed  has  a  peculiar  season  at  which  it 
begins  to  germinate,  and  this  season  varies  with  the  tempe- 
rature of  the  air.     Mr.  Adansoa  found  that  seeds,  when 
sown  at  the  same  time  in  France  and  in  Senegal,  always 
appeared  sooner  above  ground  in  the  latter  country,  where 
the  climate  is  hotter  than  in  France.* 
And  ozy.        5.  Seeds,  although  supplied  with  moisture  and  placed  in 
sen  gas.      ^  proper  temperature,  will  not  germinate,  provided  atmos* 
pherical  air  be  completely  excluded  from  them.     Mr.  Ray 
found  that  grains  of  lettuce  did  not  germinate  in  the  vacnum 
of  an  air-pump,  but  they  began  to  grow  as  soon  as  air  was 
admitted  to  them.f     Homberg  made  a  number  of  experi- 
ments on  the  same  subject,  which  were  published  in  the 
Memoirs  of  the  French  Academy  for  the  year  169S.     He 
found,  that  the  greater  number  of  seeds  which  he  tried  re- 
fused to  vegetate  in  the  vacuum  of  an  air-pump.     Some^ 
however,  did  germinate:  but  Boyle,  Muschenbroek,  and 
Boerhaave,  who  made  experiments  on  the  same  subject  in 
succession,  proved  beyond  a  doubt  that  no  plant  vegetates 
in  the  vacuum  of  an  air-pump;  and  that  in  those  cases  in 
which  riomberg's  seeds  germinated,  the  vacuum  was  far 
from  perfect,  a  quantity  of  air  still  remaining  in  the  receiver. 
It  follows,  therefore,   that  no  seed  will  germinate  unless 
atmospherical  air,  or  some  air  having  the  same  properties, 
have  access  to  it.     It  is  for  this  reason  that  seeds  will  not 
germinate  at  a  certain  depth  below  the  surface  of  the  earth. 
Mr.  Scheele  found  that  beans  would  not  germinate  ex- 
cept  oxygen   gas  were   present :  ]\Ir.  Achard   afterwards 
proved,  that  oxygen  gas  is  absolutely  necessary  for  the  ger- 
mination of  uU  seeds,  and  that  no  seed  will  germinate  in 
azotic  gas,  or  hydrogen  gas,  or  carbonic  acid  gas,  unless 
these  gases  contain  a  mixture  of  oxygen  gas.     TTiese  expe- 
riments have  been  confirmed  by  Mr.  Gough,   Mr.  Cruick- 

•  Encyc.  Method.  Ph>aiol.  Veget.  lU.        f  Phil.  Trans.  No.  liii. 
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shank,  and  many  other  philoaophers.^    It  follows,  there-  Chip.  in. 
fore,  that  it  is  not  the  whole  atmospheric  air,  but  merely  ^"^v"^ 
the  oxygen  gas  which  it  contains,  that  is  necessary  for  the 
germination  <tf  seeds. 

Nay,  Mr.  Humboldt  has  ascertained  that  seeds  vegetate 
more  rapidly  when  steeped  in  chlorine^  or  when  watered 
with  it^  and  this  substance  is  well  known  for  the  facility 
with  which  it  decomposes  water  and  sets  atliberty  oxygen. 
It  seems  even  to  augment  the  vegetative  power  of  seeds. 
At  Vienna  several  seeds  which  had  been  long  kept,  and 
which  had  constantly  refused  to  germinate,  grew  readily 
when  treated  with  itf 

6.  Light  also  has  considerable  influence  on  the  germina-  inpeded 
tion  of  seeds.  Ingenhonsz  found  that  seeds  always  germi-  ^7  ^'S^^^* 
nate  faster  in  the  dark  than  when  exposed  to  the  light.  ^ 
His  experiments  were  repeated  by  Mr.  Sennebier  with 
equal  success.  §  But  the  Abb^  Bertbolin,  who  distinguished 
himself  so  much  by  his  labours  to  demonstrate  the  eflect  of 
electricity  on  vegetation,  objected  to  the  conclusions  of 
these  philosophers,  and  affirmed  that  the  difierence  in  the 
germination  of  seeds  in  the  shade  and  in  the  light  was 
owing,  not  to  the  light  itself  but  to  the  difference  in  the 
moisture  in  the  two  situations;  the  moisture  evaporating 
much  fiister  from  the  seeds  in  the  light  than  from  those  in 
the  shade;  and  he  aflSrmed,  that  when  precautions  were 
taken  to  keep  the  seeds  equally  moist,  those  in  the  sun 
germinated  sooner  than  those  in  the  shade.  ||  But  when 
Mr.  Sennebier  repeated  his  former  experiments,  and  em- 
ployed every  possible  precaution  to  ensure  equality  of 
moisture  in  both  situations,  he  constantly  found  the  seeds 
in  the  shade  germinate  sooner  than  those  in  the  light** 
We  may  cooclade,  therefore^  that  light  is  injurious  to  ger- 
mination ;  and  hence  one  reason  for  covering  seeds  with 

*  Carradori,  indeed,  has  lately  attempted  to  sliow  that  seeds  will 
bepB  to  germinate  without  oxygen.  (Ann.  de  Chim.  xlviii.  188.)  But 
lie  learn  from  the  experiments  of  Saussare,  that  the  water  in  which  the 
seeds  in  these  cases  are  steeped,  contains  in  solution  as  much  oxygen  as 
is  aaffident  to  enable  the  seeds  just  to  commence  germination,  but  not  to 
make  any  progress  (Recherches  Chimiques  sur  la  Vegetation,  p.  3.) 

t  Joor.  de  Phys.  xlfii.  63.  |  Experiences  sur  les  Vegetanxi  i), 

§  Mem.  Physico-Cbiiiik|iies,  iii.  41. 

II  Jour,  de  Phys.  1789,  December. 

••  Encyc.  Mcth.  Phyiiol.  Veest.  ISO. 
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Book  IV.  the  soil  in  which  they  are  to  grow.  Bnt  bom  the  rtoent 
^'"'^v^^  experiments  of  Saussure,  there  is  reason  to  beliere  that 
light  is  only  injurious  in  consequence  of  the  heat  which  it 
produces ;  for  when  the  direct  rays  of  the  sun  were  inter- 
cepted, though  light  was  admitted,  the  germination  of  the 
seeds  was  not  sensibly  retarded.* 

7.  Thus  we  have  seen  that  seeds  wiU  not  germinate  unless 
maisturey  heat^  and  oocygen  be  present  Now,  in  what  man- 
ner do  these  substances  afiect  the  teed?  What  are  the 
changes  which  they  produce? 
Phenomena  It  was  observed  before,  that  all  seeds  hare  one  or  more 
fiou!''"''^**  cotyledons.  These  cotyledcms  contain  a  quantity  of  fari- 
naceous matter,  laid  up  on  pnrpoee  to  supply  the  embryo 
plant  with  food  as  soon  as  it  begins  to  require  it.  This 
food,  however,  must  undergo  some  previous  preparation, 
before  it  can  be  applied  by  the  plant  to  the  finrmation  or 
completion  of  its  organs.  It  is  probable  that  all  the  phe- 
nomena of  germination,  which  we  can  perceive,  consist  in 
the  chemical  changes  which  are  produced  in  that  SooA,  and 
the  consequent  developement  of  the  organs  of  the  plant. 
Caibonic  When  a  seed  is  placed  in  fiivourable  drcumatancei,  it 
M»d  emit-  gradufjly  imbibes  moisture,  and  veiy  soon  sAer  emits  a 
quantity  of  carbonic  acid  gas,  even  though  no  oxygen  gas 
be  present.!  If  no  oxygen  gas  be  present,  the  process  stops 
here,  and  no  germination  tidies  place ;  but  if  oxygen  gas  be 
present,  a  portion  of  it  is  converted  into  carbonic  acid  gas. 
From  the  experiments  of  Saussure,  it  appears,  that  if  seeds 
be  left  to  germinate  in  a  determinate  portion  of  oxygen  gas 
or  common  air,  the  bulk  of  that  gas  is  not  altered ;  die 
carbonic  acid  formed  being  equal  to  the  oxygen  which  has 
disappeared.  Hence  it  follows,  that  the  carbonic  acid  con- 
Oxygen  of  tains  in  it  exactly  the  whole  oxygen  consumed.^  No 
mfnUhcd"  ^^J'^^"'  Hien^  is  absorbed  by  the  seed ;  or  at  least,  if  it  be 
absorbed,  none  of  it  is  retained,  the  whole  being  thrown 
out  in  combination  with  carbon.  The  quantity  of  oxygen 
thus  changed  into  carbonic  acid  by  the  germination  tJi 
seeds,  is  in  some  measure  proportional  to  the  weight  of  the 
seed;  but  some  seeds  require  more  than  others.    In  the 

•  Rechcrclies  Chimiquos  sur  la  Vegetation,  p.  23. 
t  Gougl),  Manch.  Mem.  iv.  315.     Cruikshank,  ItoUo  on  Diabetes, 
p.  453.  X  Jour,  de  Pbys.  xlix.  9S. 


tfxp&nmmtB  of  Sftmsin^  wheat  and  barley,  weight  for  ciitp.iii. 
wdgb^  consumed  less  oxygen  than  peas ;  while  peas  con-  / 
sitmed  less  than  beans  and  kidney-beans.  The  oxygen 
oemsumed  by  wheat  and  barley  amounts  to  between  rvW^h 
and  -r^^i^  of  their  weight;  while  that  consumed  by  beEOia, 
and  kidney-beans,  may  amount  to  rhr^  V^^  ^  ^^^^ 
weight*  Similar  experiments  were  made  by  Dr.  Wood- 
boiBe.f 

It  does  not  appear  that  any  water  is  decomposed  during 
the  process  of  germination,  at  least  we  have  no  eyidencc 
that  it  is  so.  Neither  hydrogen  nor  oxygen  gas  are  emitted. 
It  would  not  be  surprising  if  a  portion  of  water,  so  &r  from 
being  decomposed,  were  actually  formed  by  the  union  of 
its  constituents  previously  existing  in  the  grain.  When 
Sanssure  dried  seeds  at  a  oertun  temperature  before  ger* 
mination,  and  afterwards  brought  them  to  the  same  degree 
of  dryness  after  germination,  he  always  foqnd  that  the  loss 
of  weight  was  greater  than  it  ought  to  hat^  been.  Thus 
75  peas,  which  together  (when  dried  at  77^)  Weighed  200 
grains,  when  left  with  five  times  their  weight  of  water  in  a 
vessel  fiiU  of  air,  and  standing  over  mercury  for  two  days* 
germinated,  and  produced  ^  cubic  inches  of  carbonic  add* 
They  were  taken  out,  and  dried  slowly  at  the  same  tempera- 
ture ;  during  their  drying  they  changed  H  cubic  inches  more 
of  oxygen  into  carbonic  add.  Now  these  nine  inches  of  car- 
bonic acid  contain  1*7  gndns  of  carbon.  The  water  in 
which  peas  had  been  placed  whUe  germinating,  when  eva- 
porated to  dryness,  left  0*75  grains  of  mucilaginous  matter. 
Thus  the  peas,  by  germinating  and  drying,  ought  to  have 
lost  only  2*4f5  grains,  leaving  a  residue  of  197*55  gndns. 
But  their  weight  was  only  189  grains.  So  that  they  had 
lost  eight  grains  more  than  can  be  accounted  for  by  thel 
fltiacilage  taken  up  by  the  water  and  carbonic  acid  formed. 
We  are  obliged  to  suppose  this  loss  owing  to  water.  From 
Saussure's  experiments,  this  water  seems  to  be  formed  or 
set  at  liberty  during  the  drying  of  the  seeds,  for  the  quantity 

•  Recherchesy  p.  13. 

-I-  He  tried  the  seeds  of  the  sea  mays,  apiam  petroselinum^  lactuoa 
satiTa,  cncarbita  citrallay  phaseolas  sativus,  sisymbrium  sativum,  rapha- 
nussatifa.  They  chaoged  oxygen  into  carbonic  acid.  Nicholson's  Jo^r. 
ii.  161. 
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Book  IV.   of  it  always  incressed  wiUi  the  alowuesi  of  the  proceM  of 

^-^'     '  drying* 

FoodprqM-      Several  seeds,  by  germinating,  acquire  a  tweeli«h  taste: 

^ki^  Hence  it  has  been  supposed,  that  the  mucilage- which  they 
coutaiu  is  converted  into  saccharine  matter.  We  Me  that 
the  carbon  is  diminished  by  germination;  and  unless  Kuter 
be  formed,  the  proportion  of  hydrogen  and  oxygen  must 
be  proportionably  augmented.  It  is  obvions  from  the  pro< 
cess  of  malting,  that  heat  is  generated  during  gemunation. 
I  have  seen  the  radicles  of  barley,  when  kept  without 
turning  on  the  malt-floor,  shoot  out  half  an  inch  in  a  single 
night,  and  the  heat  rise  as  high  as  100°. 

So  fur  seems  to  be  the  work  of  chemistry  alone;  at  least 
we  have  no  right  to  conclude  that  any  other  agent  interferes; 
since  hay,  when  it  happens  to  imbibe  moisture,  exhiluts 
nearly  tlie  same  processes.  Carbonic  acid  gas  is  evolved, 
oxygen  gas  is  absorlied,  lieat  is  produced  so  abundantly, 
that  the  hay  oAcn  takes  fire :  at  the  same  time  a  quantity  of 
sugar  is  formed.  It  is  owing  to  a  partial  change  of  the 
same  kind  that  old  hay  generally  tastes  much  sweeter  tliaa 
new  hay.  Now  wc  have  no  reason  to  suppose  that  any 
agenu  peculiar  to  the  vegetable  kingdom  roiide  in  hay ;  as 
all  vegetation,  antl  all  power  of  vegetating,  are  evidently 
destroyed. 

And  Knt         BlU  whcn  the  farina  in  the  seeds  of  ve- 

luMcie'  gttables  is  converted  into  sugar,  a  number 
of  vessels  mukc  their  appearance  in  tlie 
cotyledon.  The  reader  will  have  a  pretty 
distict  notion  of  their  distribution  by  i] 
spectin;;  the  figure.  These  vessels  may  I 
indeed  be  detecte<l  in  many  seeds  before 
germination  cunimonces,  but  tlicy  become 
much  more  distinct  after  it  bus  made  some  progress. 
Branches  Iroiii  them  liuve  b(%n  demonstrated  by  Grew, 
Malplghi,  and  Hcdwig,  parsing  into  the  radicle,  and  dis- 
tribntetl  tluough  every  part  of  it.  These  evidently  carry 
tlic  nourishment  prepared  in  the  cotyledons  to  the  radicle; 
for  if  the  cotyledons  be  cut  off,  even  alter  the  processes 
above  described  are  conij)leted,   germination,   as  Bonnet 

"  Saiissure,  Ilechcrehes  Chimiqueg  sur  la  Vegetation,  p.  17. 
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iuid  SenneiHer  ttoertained  by  experiment,    immediately  Chip.  ni. 
stops.    The  bod  therefore  b  conveyed  from  the  cotyledons  ^"^v^*^ 
into  the  radicle:  the  radide  increases  in  size,  assumes  the  J^Jl'l . 
form  of  a  roo/,  sinks  down  into  the  earth,  and  soon  be-  root. 
comes  capable  of  extracting  the  nourishment  necessary  for 
the  future  growth  of  the  plant     Even  at  tliis  period,  after 
the  radicle  has  become  a  perfect  root,  the  plant,  as  Senne- 
bier  ascertained  by  experiment,  ceases  to  vegetate  if  the 
cotyledons  be  cut  ofi.     They  are  still,  then,  absolutely  ne* 
cessary  for  the  vegetation  of  the  plant* 

The  cotyledons  now  assume  the  appearance  of  leaves.  Seminal 
and  appear  above  the  ground,  forming  what  are  called  the  ^^^ 
seminal  leaves  of  the  plant  After  this  the  plumula  gra- 
dually increases  in  size,  rises  out  of  the  earth,  and  expands 
itself  into  branches  and  leaves.  The  seminal  leaves,  soon 
after  this,  decay  and  drop  o£^  and  the  plant  carries  on  aU 
the  processes  of  vegetation  without  their  assistance. 

As  it  does  not  appear  that  there  is  any  communication 
between  the  cotyledons  and  the  plumula,  it  must  follow  that 
the  nourishment  passes  into  the  plumula  fi*om  the  radicle; 
aud  accordingly  we  see  that  the  plumula  does  not  begin  to 
vegetate  till  the  radicle  has  made  some  progress.    Since  the 
plant  ceases  to  vegetate,  even  after  the  radicle  has  been 
converted  into  a  root,  if  the  cotyledons  be  removed  before 
the  plumula  is  developed,  it  follows  that  the  radicle  is  in- 
sufficient of  itself  to  carry  on  the  processes  of  vegetation, 
and  that  the  cotyledons  still  continue  to  perform  a  part 
Now  we  have  seen  already  what  that  part  is ;  they  prqmre  Digotdw 
food  for  the  nourishment  of  the  plant.     The  root,  then,  *•  S[^^^ 
of  itself  insufficient  for  this  purpose.    When  the  cotyle- 
dons assume  the  form  of  seminal  leaves,  it  is  evident  th^t 
the  nourishment  which  was  originally  laid  up  in  them  for 
the  support  of  the  embryo  plant  is  exhausted,  yet  they  still 
continue  as  necessary  as  ever.     They  must  tlicrcforc  re* 
ceive  the  nourishment  which  is  imbibed  by  the  root;  they 
must  produce  some  changes  on  it,  render  it  suitable  for  the 
purposes  of  vegetation,  and  then  send  it  back  again  to  be 
transmitted  to  the  plumula. 

Afier  the  plumula  has  acquired  a  certain  size,  which 
must  be  at  least  a  lincy  if  the  cotyledons  be  cut  oii^  the 
plant,  as  Mr.  Bonnet  ascertained  by  a  number  of  experi- 
ments, afterwards  repeated  with  eqiml  success  by  Mr.  Sen- 


514  vmanAtiom. 

Book  iv.^  aebier,  does  not  eeaae  to  Tegetate,  but  ft  edOtimM  alw«p 
'  a  mere  pigmy :  its  size,  when  compared  with  that  of  a  jAaaX 
whose  cotyledons  are  allowed  to  remain,  being  only  as  two 
to  seven.* 

When  the  plmnnla  has  expanded  completely  into  leares, 
the  cotyledons  may  be  remoTed  without  injoring  the  plants 
and  th^  very  soon  decay  of  themselTCs.  It  appears,  then, 
that  this  new  office  of  the  co^ledons  is  afterwards  per- 
formed by  that  part  of  the  plant  which  is  abof  e  gnmndL 

Thus  we  have  traced  the  phenomena  of  germination  as 
fiu:  as  they  have  been  detected.  The  fiicts  are  obvious ; 
but  the  manner  in  which  they  are  prodoced  is  a  profound 
secret.  We  can  neither  explain  how  the  food  enters  into 
the  v^sels,  how  it  is  conveyed  to  the  difieroit  parts  of 
the  plant,  how  it  is  deposited  in  every  organ^  nor  how  it 
is  employed  to  increase  the  siae  of  the  old  parts,  or  to  form 
new  parts.  These  phenomena  are  analogous  to  nothing  in 
mechanics  or  chemistry,  but  resemble  exactly  the  organi- 
zation and  nourishment  of  animals.  They  belong  there- 
fore to  that  difficult  branch  of  sdenoe  known  by  the  name 
of  Physiology. 


SECT.  U. 

OF  THE   FOOD   OF    PLANTS. 

Plants,  after  they  have  germinated,  do  not  remain  sta- 
tionary, but  are  continually  increasing  in  size.  A  tree^ 
for  instance,  every  season  adds  considerably  to  its  former 
bulk.  The  root  sends  forth  new  shoots,  and  the  old  ones 
become  larger  and  thicker.  The  same  increment  takes 
place  in  the  branches  and  the  trunk.  When  we  examine 
this  increase  more  minutely,  we  find  that  a  new  layer  of 
wood,  or  rather  of  alburnum,-}-  has  been  added  to  the  tree 

•  Encyc.  Method.  Physiol.  Veget.  49. 

"f*  The  wood,  when  we  inspect  it  with  attention,  is  not,  throng  its 
whole  extent,  the  same ;  the  part  of  it  next  the  bark  is  miidi  softer  and 
whiter,  and  more  juicy  than  the  rest,  and  has  for  that  reason  obtained  a 
particular  name ;  it  has  been  called  ihe  alburnum  or  auhier.  The  per^ 
feci  wood  is  browner,  and  harder,  and  denser  than  the  uJbumum,  and 
•he  layers  increase  in  density  the  nearer  they  arc  to  the  centre. 
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in  cverf  purt^  and  this  addition  has  been  made  just  under  Chap.  ill. 
the  batk.     We  find,  too,  that  a  layer  of  albomum  has  ^-'^-v^-^ 
aMomed  the  appearance  of  perfect  wood.     Besides  this  ad- 
dition of  vegetable  fibre,  a  great  number  of  leaves  have 
been  produced,  and  the  tree  puts  forth  flowers,  and  forms 
seeds. 

It  is  evident  from  all  this,  that  a  great  deal  of  new  matter  Plants  re- 
is  continually  making  its  appearance  in  plants.     Hence,  ^^''^^^^^ 
sinoe  it  would  be  absurd  to  suppose  that  they  create  new 
matter,  it  must  follow  that  they  receive  it  by  some  channd 
or  other.     Plants,  then,  require  food  as  well  as  animals. 
Now,  what  is  this  food,  and  whence  do  they  derive  it? 
These  questions  can  only  be  answered  by  an  attentive  sur- 
vey of  the  substances  which  are  contained  in  vegetables, 
and  an  examination  of  those  substances  which  are  necessary 
for  their  v^tation.    If  we  could  succeed  completely,  it 
would  throw  a  great  deal  of  light  upon  the  nature  of  soils 
and  of  manures,    and  on  some  of  the  most  important 
questions  in  agricultura     But  we  are  far  indeed  at  present 
from  being  able  to  examine  the  subject  to  the  bottom. 
'  !•  In  the  first  place,  it  is  certain  that  plants  will  not  ve-  Water  ne- 
getate  without  water;  for  whenever  they  are  deprived  of^^****^' 
it,  they  wither  and  die.     Hence  the  well-known  use  of 
rains   and  dews,   and  the  artificial  watering  of  ground. 
Water,  then,  is  at  least  an  essential  part  of  the  food  of 
plants.     But  many  plants  grow  in  pure  water ;  and  there- 
fore it  may  be  questioned  whether  water  is  not  the  only 
food  of  plants.    This  opinion  was  adopted  very  long  ago^ 
and  numerous  experiments  have  been  made  in  order  to  de* 
monstrate  it.     Indeed  it  was  the  general  opinion  of  the 
17th  century;  and  some  of  the  most  successfiil  improvers 
of  the  physiology  of  plants,  in  the  18th  century,  have  em- 
braced it.    The  most  zealous  advocates  for  it  were,  Van 
Helmont,  Boyle,  Bonnet,  Duhamd,  and  Tillet 

Van  Hdmont  planted  a  willow,   which  weighed  five  Suppoicd 
pounds,  in  an  earthen  vessel  filled  with  200  lbs  of  soil  pr^  fotuf 
viously  dried  in  an  oven,  and  moistened  with  rain  water,  pianu ; 
This  vessel  he  sunk  into  the  earth,  and  he  watered  his 
willow,  sometimes  with  rain,  and  sometimes  with  distilled 
water.    After  five  years  it  weighed  169^  lbs,  and  the  earth 
in  which  it  was  plautedy  when  again  dried,  was  found  to 
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Book  IV.  hove  lost  only  two  ounces  of  its  original  weight*  Heie^ 
^^^"%^*^  it  has  been  said,  was  an  increase  of  164  lbs.  and  yet  the 
only  food  of  the  willow  was  pure  water ;  therefore  it  follows 
that  pure  water  is  suflicient  to  afford  nourishment  to  plants. 
The  insufficiency  of  this  experiment  to  decide  the  question 
was  first  pointed  out  by  Bergman  in  177S.t  He  showed, 
from  the  experiments  of  M argra£F,  that  the  rain  water  em- 
ployed by  Van  Helmonl  contained  in  it  as  much  earth  as 
could  exist  in  tlie  willow  at  the  end  of  five  years.  For, 
according  to  the  experiments  of  Mai^a£^  one  pound  of 
rain  water  contains  one  grain  of  eartb4  The  growth  of 
the  willow,  therefore,  by  no  means  proves  that  the  earth 
which  plants  contain  has  been  fiirroed  out  of  water.  Be- 
ddes,  as  Mr.  Kirwan  has  remarked,  §  the  earthen  vessel 
must  have  often  absorbed  moisture  from  the  surrounding 
eaith,  impregnated  with  whatever  substance  the  earth  con^ 
tained ;  for  unglazed  earthen  vessels,  as  Hales  H  and  Tillet  ** 
Bat  with-  have  shown,  readily  transmit  moisture.  Hence  it  is  evi- 
out  reason,  jg^^^  ^j^^j.  ^^  conclusion  whatever  can  be  drawn  from  this 

experiment ;  for  all  the  substances  which  the  willow  oon^ 
tained,  except  water,  may  have  been  derived  from  the  rain 
water,  the  earth  in  the  pot,  and  the  moisture  imbibed  fircHn 

the  surrounding  soil. 

The  experiments  of  Duhamel  and  Tillet  are  equally  in- 
conclusive ;  so  that  it  is  impossible  from  tliem  to  decide  the 
question,  Whether  water  be  the  sole  nourishment  of  plants 
or  not?  But  all  the  attempts  hitherto  made  to  raise  plants 
from  pure  water  have  failed  ;  the  plants  vegetating  only,  for 
a  certain  time,  and  never  perfecting  their  seeds.  These 
experiments  were  made  by  Hassenfratz,  Saussure,  and 
others,  with  the  same  unfavourable  result.  Duhamel  found, 
that  an  oak,  which  he  had  raised  by  water  from  an  acorn, 
made  less  and  less  progress  every  year.  We  see,  too,  that 
those  bulbous  roots,  such  as  hyacinths,  tulips,  &c.  which 
are  made  to  grow  in  water,  unless  they  be  planted  in  the 
earth  every  other  year,  refuse  at  last  to  flower,  and  even  to 
vegetate;    especially  if  they  produce  new  bulbous   roots 

•  Opera  Van  Ilelmont,  p.   105.     Complexionum  atque  Mistionum 
Elementalium  Figrncntam,  Sect.  30. 

+  Opusc.  V.  92.         t  Il'id.  ii.  15  and  19.         ^  Irish  Trans,  v.  160. 
II  Veget.  Stat.  i.  •»  Mem.  Par.  1772,  29. 
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annually,  and  the  old  ones  decay.  From  all  these  facts  Chap.  Ilf. 
and  experiments,  it  is  reasonable  to  conclude  that  water  is  ^""V"^ 
not  the  sole  food  of  plants.* 

So  far,  indeed,  is  water  from  being  the  sole  food  of  plants,  A  certain 
that  in  general  only  a  certain  proportion  of  it  is  serviceable,  Sn°?J^uU 
too  much  being  equally  prgudicial  to  them  as  too  litde.  sice. 
ijome  plants,  it  is  true,  grow  constantly  in  water,  and  will 
not  Tegetate  in  any  other  situation  ;  but  the  rest  arc  entirely 
destroyed  when  kept  immersed  in  that  fluid  beyond  a 
certain  time.     Most  plants  require  a  certain  degree  of  mois- 
ture in  order  to  vegetate  well.     This  is  one  reason  why 
different  soils  are  required  for  different  plants.     Rice,  for 
instance,  requires  a  very  wet  soil :  were  we  to  sow  it  in  the 
ground  on  which  wheat  grows  luxuriously,  it  would  not 
succeed :  and  wheat,  on  the  contrary,  would  rot  in  the  rice 
ground. 

We  should,  therefore,  in  choosing  a  soil  proper  for  the 
plants  which  we  mean  to  raise,  consider  the  quantity  of 
moisture  which  is  best  adapted  for  them,  and  choose  our 
soil  accordingly.  Now  the  dryness  or  moisture  of  a  soil 
depends  upon  two^hings ;  the  nature  and  proportions  of  the 
earths  which  compose  it,  and  the  quantity  of  rain  which 
fisdls  upon  it.  Every  soil  contains  at  least  three  earths, 
silica,  lime,  and  alumina,  and  sometimes  also  magnesia. 
The  silica  is  always  in  the  state  of  sand.  Now  soils  retain 
moisture  longer  or  shorter  according  to  the  proportions  of 
these  earths,  lliose  which  contain  the  greatest  quantity  of 
sand  retain  it  the  shortest,  and  those  which  contain  the 
greatest  quantity  of  alumina  retain  it  longest.  The  first  is 
a  dry,  the  second  a  wet  soil.  Lime  and  magnesia  are  inter- 
mediate between  these  two  extremes :  they  render  a  sandy 
soil  more  retentive  of  moisture,  and  diminish  the  wetness  of 
a  clayey  soil.  It  is  evident,  therefore,  that  by  mixing  toge- 
ther proper  proportions  of  these  four  earths,  we  may  form 
a  soil  of  any  degree  of  dryness  and  moisture  that  we  please. 

*  The  eKperiments  of  Braconnot,  vtho  has  endeavoured  to  prove  that 
water  is  the  sole  food  of  plants,  are  by  no  aaeans  decisive.  See  Ann.  de 
Chioi.  Ixi.  187.  He  raised  plants  on  sand  and  metallic  oxides  by  niMUis 
of  water,  and  found  that  the  plants  had  all  the  usual  vegetable,  earthy, 
and  alkaline  constituents.  But  in  experiments  of  that  nature  it  is  impos- 
f  ible  to  guard  against  every  channel,  by  means  of  which  these  substanoee 
may  have  access  to  plants. 
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Book  IV.  But  whatever  be  the  natare  of  the  toil,  iti  moiature  mmt 
^^''"V"^  depend  in  general  upo<  the  quantity  of  rain  which  faUi. 
If  no  rain  at  all  fidl,  a  soil,  however  retentive  of  moisture  it 
be,  must  remain  dry ;  and  if  rain  were  very  frequently  fall- 
ingi  the  soil  must  be  open  indeed,  if  it  be  not  constantly 
wet  The  proportion  of  the  different  earths  in  a  soil,  there- 
fbre^  must  depend  upon  the  quantity  of  rain  which  &Ub.  In 
jBL  rainy  country,  the  soil  ought  to  be  open ;  in  a  dry  conn- 
try,  it  ought  to  be  retentive  of  moisture.  In  the  first,  there 
ou^t  to  be. a  greater  proportion  of  sand ;  in  the  second  of 
day. 
Fiantstb-  .  2,  That  air  is  necessary  tot  the  vegetation  of  plants  has 
£)m^at-  ^^^^^^  completely  proved ;  and  that  a  considerable  portion  at 
mofpbere  $  least  of  the  carbonaceous  matter  which  they  contain  is  ab- 
sorbed from  the  air,  has  been  rendered  probable  by  the  late 
experiments  of  chemical  philosophers.  Three  articles 
which  furnish  nourishment  to  plants  are  supplied  by  the 
atmosphere;  namely,  carbomc  addt  oxygen^  and  moisture; 
but  it  has  been  disputed  how  fiur  plants  are  capable  of  ab- 
sorbing carbonic  acid,  without  the  assistance  of  the  soil  on 
which  they  usually  vegetate. 

Mr.  Hassenfratz  analysed  the  bulbous  roots  of  hyacinths, 
in  order  to  discover  the  quantity  of  water,  carbon,  and  hy- 
drogen, whicli  they  contained ;  and  by  repeating  the  analy- 
sis on  a  number  of  bulbs,  he  discovered  how  much  of  these 
ingredients  was  contained  in  a  given  weight  of  the  bulbw 
He  analysed  also  kidney  beans  and  cress  seeds  in  the  same 
manner.  Then  he  made  a  number  of  each  of  these  vegetate 
in  pure  water,  taking  the  precaution  to  weigh  them  before 
hand,  in  order  to  ascertain  the  precise  quantity  of  carbon 
which  they  contained.  The  plants  being  then  placed,  some 
within  doors,  and  others  in  the  open  air,  grew  and  flowered, 
but  produced  no  seed.  He  afterwards  dried  them,  collecting 
with  care  all  their  leaves  and  every  other  part  which  bad 
dropped  off  during  tlie  course  of  the  vegetation.  On  sub- 
mitting each  plant  to  a  chemical  analysis,  he  found  that  the 
quantity  of  carbon  which  it  contained,  was  somewhat  less 
than  the  (juantity  which  existed  in  the  bulb  or  the  seed  from 
which  the  plant  had  sprung.* 
These  experiments  have  been  repeated  by  Saussure  with 

*  Ann.  de  Chim.  xiii.  188. 
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A  veiy  different  result.    SjprigB  oSfilentha  piperita^  allowed  ChE^IlL 

to  ve|ge(ate  for  some  time  in  disdllM  water,  nearly  doubled 

the  portion  of  carbon  which  they  originally  contained ;  * 

bat  when  the  same  experiment  was  repeated  in  a  place 

where  bat  litde  light  had  access,  the  carbon,  instead  of 

being  increased,  was  somewhat  diminidied,  as  Hassenfratz 

had  found.     Hence  it  is  probable^  that  the  result  obtained 

by  Hassenfratz  was  owing  to  the  want  of  light    Thus  it 

cannot  be  doubted,  that  plants,  even  when  they  vegetate  in 

pure  water,  are  capable  of  absorbing  nourishment  from  the 

air;  but  as  plants  in  this  situation  cannot  produce  perfect  ButtbUno 

seeds,  and  as  they  gradually  decay  and  cease  to  vegetate^  it  '^^'^^ 

M  obvious  that  water  and  air  alone  are  not  sufficient 

8.  The  third,  and  only  remaining  source  from  which 
plants  can  draw  their  food,  is  the  soil  on  which  they  grow. 
Now  this  soil  consists  of  two  parts;  namely,  pure  earths^ 
which  constitute  its  basis,  and  the  remains  of  animals  and 
vegetables  applied  as  manure. 

One  use  of  the  earthy  part  of  the  scnl  is  to  furnish  a  sup- 
port for  the  plants,  and  to  administer  the  proper  quantity 
of  water  to  them ;  but  as  all  plants  contain  earthy  and  saline 
matters,  and  as  these  substances  arc  constantly  present,  we 
cannot  avoid  considering  them  as  in  some  measure  constitute 
ing  an  essential  part  of  plants.  Now  there  is  reason  to  believe 
that  the  proportion  of  earthy  and  saline  matters  in  plants  is 
considerably  influenced  by  the  soil  on  which  they  vegetate. 
Saussure  made  beans  grow  in  three  difierent  situations. 
The  first  set  was  supported  by  distilled  water;  the  second 
was  planted  in  sand  and  supported  by  rain  water ;  the  third 
set  was  planted  in  a  pot  filled  with  mould,  and  placed  in  a 
garden.  The  ashes  jrielded  by  these  difierent  plants  were  iVoportioa 
to  each  other  in  the  following  proportions*!  planet  va!^ 

1  •  Those  fed  by  distilled  water   • .     3*9  the  mU. 

2.  Those  fed  by  rain  water 7*5 

3.  Those  growing  in  soil 12*0 

Here  the  quantity  of  fixed  matter  yielded  by  the  beans 
which  had  vegetated  in  soil  was  more  than  three  times 
greater  than  what  was  obtained  firom  those  which  had  been 
fed  solely  by  distilled  water. 

*  Reditrcliet  Chimiquet  sur  la  Vegetation,  p.  51.        f  Il»d.  p.  981. 
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Book  IV.  The  same  pUlcMopher  examined  the  ashes  of  Tarious 
plants  growing  on  a  granitic  and  on  a  calcareomsoil.*  The 
plants  which  grew  on  the  granitic  soil  contained  a  consider* 
able  proportion  of  silica  and  metallic  oxides ;  those  which 
grew  in  the  calcareous,  little  or  none  of  these  bodies,  but  a 
greater  proportion  of  calcareous  earth  than  the  granitic 
plants.  Thus  the  pinus  abies,  the  product  of  each  of  these 
soils,  yielded  the  following  proportions  of  fixed  bodies  : 

Gnnicic.  CUcar. 

Potash    S-eol  .- 

Alkaline  sulphates  and  muriates  •  •  • .     4*24  3  '  *  * ' 

Carbonate  of  lime 46*84 63 

Carbonate  of  magnesia 6*76 0 

Silica 13*49 0 

Alumina 14*86 16 

Metallic  oxides 10*52  ...•••    0 


99-82  94 1 

Thus  it  cannot  be  doubted,  that  the  proportion  of  earthy- 
matter  contained  in  plants  is  considerably  influenced  by 
the  nature  of  the  soil  on  which  they  grow ;  but  whether 
plants  derive  the  whole  of  these  fixed  principles  from  the 
soil,  or  wlicther  they  are  capable  of  forming  diem  to  a  cer- 
tain extent  by  the  unknown  powers  of  voj^etation,  are  ques- 
tions not  yet  finally  decided.  The  experiments  of  Saussurc 
would  lead  us  to  believe,  that  all  the  earths  found  in  plants 
Whether  are  absorbed  from  the  soil ;  while  those  of  Schrader  seem 
Sue  eajih.^  to  prove,  that  a  portion  of  them  is  formed  by  vegetation, 
even  when  plants  are  so  sitimted  that  they  can  derive  no 
fixed  principle  from  the  soil  on  which  they  grow. 

The  Berlin  Academy  proposed  as  a  prize  question.  To 
determine  the  earthy  constituents  oftlie  different  kinds  of  com, 

♦  These  soils  were  composed  of  the  fullowiog  ingredients : 
Granitic.  Calcareous. 

Silica  75«25  Carbonate  of  lime..  98-000 

Alumina 13*25  Alumina 0*625 

Lime 174  Oxideofiron 0-6^5 

Iron  and  manganese. .     9*00  Petroleum 00*25 

9924  99-275 

•f  Phil.  Mag.  viii.  185.  Jour,  de  Phys.  lii.  27.  See  the  table  of  ind* 
nerations  printed  in  p.  194  of  this  vol.,  where  the  result  of  oil  the  experi* 
ments  of  this  philosopher  is  given. 
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and  to  oMrtain  whether  these  earthy  parts  are  formed  by  the  Chip.  ill. 
process  ^vegetation.  The  prize  was  gained  by  Schrader,  ^""^v*^ 
an  apothecary  in  Berlin,  and  the  result  of  his  experiments 
was  published  by  the  Academy  in  1 800.  He  analysed  the 
weeds  of  wheatj  rye^  barley j  and  oatSj  and  ascertained  the 
portion  of  earth  which  each  contains.  He  analysed  in  the 
same  manner  rye-straw.*  After  having  in  this  manner  de- 
termined tlie  proportion  of  earth  which  these  seeds  con- 
tained, he  endeavoured  to  make  them  grow  in  some  medium 
which  could  not  furnish  any  earthy  ingredient  whatever. 
For  a  long  time  his  attempts  were  baffled,  every  substance 
tried  containing  less  or  more  of  earth,  and  being  therefore 
improper.  At  last  he  found  that  sulphur,  in  the  state  of  ExperU 
flowers,  might  be  used  with  success,  as  it  contained  no  ?11!^?^ 
earthy  matter  whatever,  and  as  the  seeds  grew  in  it,  and 
sent  out  their  roots  perfectly  well,  when  it  was  properly 
moistened  with  water.  The  oxides  of  antimony  and  zinc 
were  the  substances  which  answered  best  after  sulphur. 
The  seeds,  then,  were  planted  in  sulphur,  placed  in  a  gar- 
den at  a  distance  from  all  dust,  put  into  a  box  to  which  the 
light  and  the  air  had  free  access,  but  from  which  all  dust 
and  rain  were  carefully  excluded,  and  they  were  watered 
with  distilled  water.  The  com  raised  in  this  manner  was 
found  by  Schrader  to  contain  more  earthy  matter  than  had 
existed  in  the  seeds  from  which  it  had  grown.f  Here,  then^ 
it  would  appear  was  the  formation  of  earthy  matter,  unless 
we  conceive  that  the  air  might  have  contained  a  sufficient 
quantity  floating  in  it  to  furnish  all  that  was  found.  Since 
the  publication  of  his  prize  dissertation,  Schrader  has  given 
to  tlie  public  additional  experiments  on  the  same  subject 
In  these  he  notices  the  trials  of  Saussure,  and  the  results 
which  were  obtained  from  vegetables  growing  in  calcareous 
and  granitic  soils ;  and  particularly  draws  the  attention  of  ' 
chemists  to  the  fact  ascertained. by  Saussure,  that  plants  ve- 
getating in  a  calcareous  soil,  which  contained  little  or  no 
silica,  were  yet  found  to  yield  a  considerable  portion  of  that 
eartb.t     Einhof  likewise  found  in  the  ashes  of  a  pinus  syU 

*  The  result  of  these  uialyset  have  been  ^ven  in  page  193  of  this 
Volome. 

t  Bnconnot's  experiments  agree  with  those  of  Schrader,  bat  they 
were  not  made  with  the  same  precaations.    See  Ami.  de  Chim,  ixi.  187* 

%  Gehlen's  Jour.  lit.  598. 
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6ook  IV.  tfestrisy  which  had  grown  in  a  soil  that  yielded  no  traoet  of 
^  ■  y  "^  lime^  no  less  than  65  per  cent  of  that  earth*  He  informs 
OS  alsOf  that  he  has  frequently  observed  the  lichen  pmnasiri 
and  dUaris  encrusted  in  the  months  of  August  and  Septem* 
ber  with  a  coat  of  carbonate  of  lime^  when  no  lime  was  to 
be  found  in  the  neighbourhood,  and  when  otiier  plants  were 
not  encrusted  in  that  manner.* 

Saussure  has  observed  very  justly,  that  the  absorption  of 
earthy  matter  does  not  depend  so  much  upon  the  earths 
which  constitute  the  basis  of  the  soil  cm  which  they  grow, 
as  upon  the  portion  of  earth  held  in  solution  in  the  liquid 
part  of  the  soil.  This  observation  will  d^plain  several  of 
the  tsicts  above  stated,  but  is  by  no  means  auffict^it  to  set 
aside  the  experiments  of  Schrader,  which  go  directly  to 
prove  that  earths  are  formed  by  the  processes  of  vegetation* 
fioii  con-  4.  Besides  earths,  plants  always  contain  a  portion  of  saline 
uins  salts,  matter.  Those  that  grow  at  a  distance  from  the  sea  con- 
tain potash,  while  sea-plants  contain  soda  and  common  salt 
Phosphate  of  lime  is  a  constant  ingredient,  and  phosphate 
of  potash  a  very  common  one.  Some  plants  contain  pecii«> 
liar  salts.  Thus  nitrate  of  soda  is  usiudly  present  in  barley, 
wiiich  act  nitrate  of  potash  in  nettles  and  the  sun-flower,  &c.  It  ap^ 
on  pianu.  peflfs,  from  the  experiments  that  have  been  made,  that  pe- 
culiar salts  promote  the  vegetation  of  peculiar  plants.  Sea- 
plants  require  common  salt,  and  languish  in  soils  where  it  is 
not  to  be  found.  Borage,  nettles,  ond  pellitory,  thrive  only 
in  soils  which  contain  nitrate  of  lime  or  potash ;  gypsum 
promotes  the  vegetation  of  lucern  and  clover.t 

Salts  then  are  not  inactive ;  and  when  properly  applied, 
they  promote  the  growth  of  vegetables.  In  these  cases  they 
appear  to  be  absorbed  by  the  plants  which  they  invigorate. 
Duhamel  found  that  sea-plants  mode  little  progress  in  soils 
which  contain  no  common  salt.  Bullion  mode  seeds  of  sun- 
flower to  grow  in  a  sandy  soil  containing  no  trace  of  nitre. 
On  examining  the  plants,  no  nitrate  of  potash  could  be  de^ 
tected  in  them,  but  the  salt  made  its  appearance  as  usual 
when  the  plants  were  watered  with  a  weak  nitrous  solution. 
From  the  experiments  of  Saussure,  we  learn  that  plants 
absorb  saline  solutions  in  very  different  proportions,  and 
that  in  general  those  are  absorbed  in  greatest  quantity  veliicfa 

•  G^hlen's  Jour.  iii.  563.  f  Sau»ttw,.R«cb«rdiss,  p.  «64. 
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^  j^urious  to  vegetation.     He  dissolved  the  follow-  Chap.  ii|. 

ifastftoces  in  water,  in  such  proportions,  that  each  so-  ^     ^^""^ 

ooptiijped  -xi-^ih  part  of  its  weight  of  the  substance  ^*^^/^'ji^^' 

7^1  e;us0pX  the  last,  which  contfdned  ^th  pa^  cm  pro^^or- 

tions  of 

1.  Muriate  of  potafeh.  ''*^^*- 

5.  Muriate  of  soda. 

3.  NiU*ate  of  lime. 

4.  Sulphate  of  soda  effloresced. 
5»  Muriate  of  ammonia. 

6.  Acetate  of  lime. 

7.  Sulphate  of  copper. 
9.  Crystals  of  sugar. 
9.  Gum  arabic. 

10.  Extract  of  soil. 

sach  of  these  solutions  he  put  plants  of  polygonum  per* 
If  or  of  bidens  oannabina,  furnished  with  their  roots. 
e  polygonum  grew  for  five  weeks  in  the  solutions  of 
te  of  potash,  nitrate  of  lime,  muriate  of  spda,  sulphate 
la,  and  extract  of  soil;  and  the  roots  increased  in 
as  usual.  It  languished  in  the  solution  of  sal-ammo- 
and  the  roots  made  no  progress.  It  died  in  eight  or 
lysin  the  solutions  of  gum  and  of  acetate  of  lime,  and 
\  than  three  days  in  the  solution  of  sulphate  of  copper, 
ben  such  a  number  of  plants  of  polygonum  were  put 
be  solutions  as  to  absorb  one  half  of  each  in  two  days, 
smaining  half  was  found  to  have  lost  very  different 
rtions  pf  the  salt  which  it  had  originally  contained. 
Me  the  portion  of  salt  originally  in  solution  to  be  100, 
Uowing  table  exhibits  the  quantity  of  each  which  had 
leared  when  one  half  of  the  liquid  was  absorbed : 

Muriate  of  potash 14*7 

Muriate  of  soda 13 

Nitrate  of  lime 4 

Sulphate  of  soda   14*4 

Muriate  of  ammonia . .  •  •  12 

Acetate  of  lime 8 

Sulphate  of  copper    ....  47 

Sugar 29 

Gum 9 

E^ract  of  soil  6 

Y  2 
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Book  IV.  The  bidens  absorbed  pretty  much  the  same  proportions^' 
but  in  general  did  not  vegetate  so  long  as  the  polygonum. 
In  these  trials,  it  was  the  sulphate  of  copper  ai^  Uie  sugar 
that  were  absorbed  in  greatest  abundance,  and  these  were 
the  substances  which  proved  most  injurious  to  the  plant 
Saussure  explains  this  apparent  anomaly  by  supposing 
that  a  portion  of  the  roots  were  soon  destroyed  in  these 
liquids,  and  that  then  they  absorbed  the  solution  indiscri- 
minately. 

When  various  salts  were  dissolved  at  once  in  the  same 
solutions,  and  plants  made  to  vegetate  in  them,  it  was  found 
that  difierent  proportions  of  the  salts  were  absorbed.  The 
following  table  exhibits  the  result  of  these  trials,  supposing 
as  before,  the  original  weight  of  each  salt  to  have  been 
100.  Each  solution  contains  ^77^  P^^  ^^  '^  weight  of 
each  salu 

.    /  Sulphate  of  soda  eflloresced  ..11*7 
t  Muriate  of  soda 22-0 

A  f  Sulphate  of  soda  effloresced  ..12 
\Muriate  of  potash 17 

^  /Acetate  of  lime  ..; 8- 

\Muriate  of  potash   33 

.     f  Nitrate  of  lime 4*5- 

\  Muriate  of  ammonia 16*5 

-   /  Acetate  of  lime 31 

\  Sulphate  of  copper    S* 

g    f  Nitrate  of  lime 17 

\  Sulphate  of  copper   S4p 

r  Sulphate  of  soda    6 

7   \  Muriate  of  soda 10 

L  Acetate  of  lime 0 

^   /Gum 26 

\  Sugar 34 

ITiese  experiments  succeeded  nearly  equally  with  other 
plants,  as  the  mentha  piperita  and  the  Scotch  fir.  When 
the  roots  were  cut  or  removed,  the  plants  absorbed  all  solu- 
tions iiuliscriminatcly.  On  examining  tlie  plants,  the  salts 
absorbed  were  found  in  them  unaltered. 

♦  Saussure,  Recherches,  p.  £47',  i61. 
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Tbus  it  appears  that  plants  do  not  absorb  saline  bodies  Cbap.  iii. 
indiscriminately.  Saiissur#  supposes  that  the  difference  de-  ^^""v*"^ 
poids  rather  upon  the  degree  of  liquidity  which  the  solu- 
tion possesses,  than  upon  any  discriminating  power  in 
the  root.  But  if  this  were  the  case,  it  would  be  difficult  to 
explain  how  so  much  greater  a  proportion  of  water  should 
be  absorbed  than  of  the  salt  which  it  holds  in  solution. 

5.  Water,  then,  carbonic  acid,  and  oxygen,  and  perhaps  Manarene- 
also  earths  and  salts,  constitute  a  part  of  the  food  of  plants;  ^^^  ^^^ 
but  it  is  very  clear  that  the  whole  food  is  not  furnished  by  of  plants. 
these  substances.  It  is  well  known,  that  if  vegetables  be 
successively  raised  on  the  same  ground,  they  at  last  exhaust 
it,  or  render  it  sterile;  and  to  prevent  this,  farmers  are 
obliged  to  supply  their  grounds  annually  with  a  quantity 
of  manure.  Without  this  manure,  or  some  equivalent 
plants  cannot  be  made  to  thrive,  or  to  perfect  their  seeds. 
Neither  water,  air,  nor  earths,  nor  salts,  will  prevent  them 
from  perishing.  Giobert  mixed  together  the  four  earths, 
silica,  alumina,  lime,  and  magnesia,  in  the  proper  propor- 
tions to  constitute  a  fertile  soil ;  and  after  moistening  then 
with  water,  planted  several  vegetables  in  them;  but  none 
of  them  grew  well  till  he  moistened  his  soil  with  water 
from  a  dunghill.  Lampadius  planted  different  vegetables 
in  compartments  of  his  garden,  filled  each  with  one  of  the 
pure  earths,  and  watered  them  with  the  liquor  which  exuded 
from  a  dunghill.  They  all  grew,  notwithstanding  the  diver- 
sity of  the  soil ;  and  each  contained  the  usual  earthy  con- 
stituents of  plants,  notwithstanding  the  absence  of  these 
constituents  from  the  soil. 

It  is  not  the  earths  which  constitute  a  fertQe  soil,  but 
the  remains  of  animal  and  vegetable  substances,  and  the 
proportion  of  these  capable  of  being  held  in  solution  by 
water.  It  appears  fi-om  the  experiments  of  Mr.  Hassen- 
fratz,  that  substances  employed  as  manures  produce  effects 
in  times  proportioned  to  their  degree  of  putrifaction ;  those 
substances  which  are  most  putrid  producing  the  most 
qpeedy  effects,  and  of  course  soonest  losing  their  efficacy. 
Having  manured  two  pieces  of  the  same  kind  of  soil,  the 
one  with  a  mixture  of  dung  and  straw  highly  putrified, 
the  other  with  the  same  mixture  newly  made,  and  the  straw 
almost  fresh,  he  observed,  that  during  the  first  year,  the 
plants  which  grew  on  the  land  manured  with  the  putrified 
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Book  IV.  duhgprodaced  amuch  betfir  crop  than  iht  oCfaer :  but  the 
^""'^v*^  second  year  (no  new  dung  being  added)»  the  gMmxid  wbidi 
had  been  manured  widi  &e  unputrified  dtuig  produced  the 
best  crop  ;  the  same  thing  took  place  the  third  year;  after 
which,  both  seemed  to  be  equally  exhausted.*  Here  it  is 
evident  that  the  pntrified  dung  acted  soonest,  and  was 
soonest  exhausted.  It  follows  from  this,  diat  carbon  only 
acts  as  a  manure  when  in  a  particular  state  of  combination; 
and  this  state,  whatever  it  may  be,  is  evidetitly  prtxinced 
by  putrifaction.  Another  experiment  of  the  same  chemist 
renders  this  truth  still  more  evident  He  allowed  shavings 
of  wood  to  remain  for  about  ten  months  in  a  moist  place 
till  they  began  to  putriiy,  and  theti  tpread  t)iem  over  a 
piece  of  ground  by  way  of  manure.  The  first  two  yeait 
this  piece  of  ground  produced  nothing  more  than  <^ett 
which  had  not  been  manured  at  all ;  the  third  year  it  was 
better,  the  fourth  year  it  was  still  better,  the  fifth  year  it 
reached  its  maximum  of  fertility ;  after  which  it  decKned 
constantly  till  the  ninth,  when  it  was  quite  ttbausted.f 
Here  the  cfiect  of  the  manure  evidently  depeilded  Upon  its 
progress  in  putrifaction. 
Vfeetti»)^e  When  vegetables  are  allowed  to  putrify  in  the  open  air, 
""""'^^ »  they  arc  converted  into  a  loose  black  substance,  wdl  known 
under  the  name  of  vegetable  mould.  On  this  mould  piants 
grow  with  great  vigour.  It  is  the  substance  which  raiders 
newly  cultivated  lands  in  America,  &c.  so  fertile.  When 
exposed  to  the  air,  in  the  course  of  cultivation,  it  i$  gra- 
dually wasted  and  destroyed,  and  the  lands  are  thus  im- 
poverished. Tliis  vegetable  mould,  therefore,  is  obviously 
one  of  the  grand  sources  of  the  food  of  plants.  It  deserves, 
therefore,  an  accurate  examination. 
Its  proper-  To  Saussure  and  Einhof  we  are  indebted  for  a  chemical 
**"'  examination  of  its  properties  and  constituents.     Sau^ure 

employed  in  his  experiments  pure  vegetable  soil,  which  he 
procured  either  from  the  trunks  of  trees  or  ftom  elevated 
tocks,  where  it  was  unmixed  with  any  animal  matter ;  and 
by  passing  it  through  a  scarce,  he  removed  from  it  the  re- 
mains of  undecayed  vegetables  with  which  it  was  mixed.f 
By  distilling  200  grains  (French)  of  mould  from  the  oak, 

♦  Ann.  de  Chim.  xiv.  57.  f  Ann.  de  Chim.  xiv.  ^ 

X  lUcherches  sur  la  Vegetation,  p.  162. 
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h^  ^btaiofd  ihe  following  pr«fluctt;  whil^  lUm  Hm^  qam^  Ghap.  m. 
%ky  of  imdecayed  oak  yielded  Wm  tb^  following  pix>poitioiu  ' 
of  Urn  tame  oonstitueots : 

Mould.  Oak* 

Carbureted  hydrogen  gas  • .  124  inches  (French)  116 
Carbonic  acid 34 29 

£mpyreumatic  oil 10 IS    * 

Charcoal.  ^» *•••., 51 ^. ..  41^ 

Ashes 8 • 0^ 

Kcariy  the  same  results  were  obtained  by  making  similar 
experiments  on  other  vegetables,  and  the  mould  which 
they  yield  when  decayed*  It  appears  from  them,  that  the 
mould  contains  more  charcoal,  weif^t  for  weight,  than  th^ 
vegetables  from  which  it  proceeded.  It  yields  also  more 
aaunonia,  and  therefore  contains  more  azote. 

Acids  do  noC  act  powerfully  on  mould.  Alcohol  takes 
np  a  portion  of  extractive  and  resin.  Tlie  fixed  alkalies 
dissolve  it  almost  completely,  and  ammonia  is  disenga^^ 
during  the  solution.  Acids  throw  down  a  small  portion  of 
a  brown  combustible  powder.  Water  dissolves  a  portion 
of  extractive ;  but  the  quantity  is  small,  especially  from  the 
mould  of  fierdle  soik.  Ten  thousand  parts  of  water,  left 
for  five  days  on  the  mould  of  turi^  w^re  found  to  have  dis» 
solved  only  26  parts  of  extract;  and  the  same  quantity,  left 
on  the  soil  of  a  field  which  bore  a  fine  crop  of  wheat,  was 
found  to  have  dissolved  but  four  parts.  It  appears  from 
the  experiments  of  Saussure,  that  a  mould  which  yielded 
to  boiling  viater^  by  reflated  .decoctiooss,  -^th  of  its  weight 
of  extract,  did  not  produce  so  good  an  effect  upon  beans  as 
a  mould  which  contained  only  half  that  quantity  of  soluble 
matter.  But  when  mould  is  deprived  of  its  soluble  part 
by  boiling  water,  though  its  appearance  is  not  altered,  yet 
it  <loes  not  support  plants  nearly  so  well  as  mould  which 
has  not  been  tlius  exhausted.* 

The  extract  thus  obtained  from  mould  by  Saussure  did 
not  deliquesce  when  exposed  to  the  air.  When  distilled 
it  yielded  carbonate  of  ammonia.  It  produced  no  change 
on  vegetable  Uues.    When  reduced  to  the  consistence  of  a 

•  Rechercbea,  p.  170. 
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Book  IV.  syrnp  it  had  a  sweet  taaflt;  it  precipitated  fcj  exposure  to 
the  air,  and  became  turbid  when  mixed  widi  lime-water, 
carbonate  of  potash,  and  most  metaltic  soltitioiis.  Alcohcd 
dissolves  only  a  portion  of  it,  and  this  part  is  very  deli- 
quescent. *  • 

From  the  experiments  of  Einhof,  it  appears  that  the 
extract  obtained  from  mould  possesses  very  nearly  the  pro- 
perties of  the  extractive  prindph.  The  mould  which  he 
employed  in  his  experiments  was  firom  the  soil  of  a  wood, 
and  had  been  formed  by  the  leaves  of  the  trees  and  the 
putrificd  herbs.  It  was  black,  firm,  produced  no  change 
on  vegetable  blues,  and  contained  no  undecayed  plants,  t 
Water  in  which  this  mould  was  boiled  was  at  first  colour- 
less ;  but  by  exposure  to  the  air  it  acquired  a  brownish  tint 
The  substance  which  it  held  in  solution  possessed  exacdy 
the  characters  of  extractive. 

Experiments  upon  vegetable  mould  have  been  made  also 
by  Braconnot.  He  found  no  portion  of  it  soIoUe  in  water. 
His  other  results  resembled  those  of  Saussure.  When  an 
alkaline  ley  was  boiled  with  mould  a  portion  was  disscdved. 
The  residue  had  the  exact  appearance  of  pit  coal.( 

Besides  this  fertile  vegetable  mould,  flinhof  has  examined 
another  of  a  different  nature,  to  which  he  has  given  the 
name  of  acid  vegetable  mould.  It  occurs  in  loii^lying 
meadows  and  marshes,  and  the  plants  which  grow  upon  it 
in  these  situations  are  the  different  species  of  careXf  jtmcusj 
and  eriophorum.  It  constitutes  also  the  principal  part  of  the 
mould  in  high-lying  situations,  and  moors  where  the  soil 
is  covered  with  heath  {erica  vulgaris,)  This  mould  is  dis- 
tinguished from  the  preceding  by  containing  a  notable  por- 
tion of  phosphoric  and  acetic  acids,  which  give  it  the  pro- 
perty of  reddening  vegetable  blues.  The  extractive  which 
it  contains  is  chiefly  insoluble  in  water.  §  This  sour  vegeta- 
ble mould  bears  a  considerable  resemblance  to  peat,  into 
which  indeed  it  probably  passes.  Like  it,  peat  contains  a 
portion  of  phosphoric  acid,  and  probably  also  of  acetic 
acid,  and  an  extractive  readily  soluble  in  alkalies,  though 
but  sparingly  in  water.  || 


Acid 
ttble 
moald. 


•  Recherches,  p.  174. 

t   Ann.  de  Chim.  Ixi.  101. 

II  Einhof,  Gehleu's  Jour.  iii.  400, 


t  Gehlen's  Jour.  vi.  378. 
§  Gehlen,  vi,  379. 
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*    Eiohof  has  obterved,  that  aci4  ^regetable  mould  never  Chip.  m. 
occnrs  in  those  soils  which  abound  in  lime^  and  that  it  is  ^^''"V"*^ 
counteracted  and  brought  to  the  state  of  good  mould  by  the  .^^^  °^ 
action  oF  lime  and  marl.     It  is  clear  that  these  manures  mould, 
will  neutralize  the  acids,  and  thus  enable  the  extractive, -and 
other  vegetable  substances,  to  be  acted  upon  by  the  atmos- 
phere, to  jrield  carbonic  acid,  and  to  assume  those  states 
which  are  proper  for  the  nourishment  of  vegetables.     It  is 
probable  that  they  act  also  directly  upon  the  vegetable 
matter,  and  occasion  decompositions  favourable  for  vegetar 
tion.    Hence  the  efficacy  of  lime  whei)  applied  to  peat  moss, 
and  to  sour  lands  in  general. 

Upon  the  whole,  then,  it  appears,  that  plants  are  fed 
chiefly  by  that  portion  of  vegetable  matter  which  becomes 
soluble  in  water,  and  assumes  the  properties  of  extractive ; 
that  the  quantity  of  it  in  soil  must  neither  be  too  great  nor 
too  small;  that  the  insoluble  part  of  vegetable  mould 
gradually  assumes  this  state,  either  by  the  action  of  the  at- 
mosphere, or  of  earths  or  salts;  that  the  presence  of  an 
acid,  by  counteracting  this  change,  injures  the  nourishing 
quality  of  vegetable  mould ;  and  that  lime  is  serviceable^ 
partly  by  neutralizing  the  acid,  and  partly  by  accelerating 
decomposition  of  v^;etable  mould. 

Animal  manures  probably  supply  similar  materials  with  Animal 
v^etable  mould.  They  probably  prevent  the  formation  of  °'^""*' 
acids,  or  neutralize  them  when  formed :  and  likewise  pro* 
mote  the  decomposition  and  solubility  of  vegetable  matter. 
The  striking  effects  which  animal  manure  produces  on  the 
growth  of  v^^tables  are  well  known ;  though  it  is  not  possi* 
ble  at  present  to  point  out  the  way  in  which  they  act.  Two 
elaborate  and  ingenious  sets  of  experiments  on  this  subject 
have  been  lately  published.  The  first,  by  Einhof  and 
Thaer,  consists  of  an  examination  of  the  excrements  of 
black  cattle;*  and  the  second,  by  Berzelius,  is  upon  the 
human  excrementitious  matter,  f  These  add  considerably 
to  our  knowledge  of  anitnal  substances,  and  shall  therefore 
be  noticed  in  a  subsequent  part  of  this  Work ;  but  as  they 
throw  little  light  on  the  use  of  these  matters  as  manures,  it 
is  unnecessary  to  give  a  detail  in  this  place  of  the  constitu- 
ents of  which  they  found  them  composed. 

*  GehIeo*8  Jour.  iii.  276.  t  Ibid.  vi.  509. 
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Book  iv.  Such  is  the  present  state  of  our  knovrftdge  respeeting 
^^—v*^  the  food  of  plants,  as  far  as  it  is  supplied  by  the  soil  in 
^°tei*bT  vhich  they  vegetate.  It  is  probable  that  it  is  imbibed  by 
theendtof  the  extremities  of  the  roots  only;  &r  Dohamel  observed, 
tbeioott.  ^11^  ^e  portion  of  the  soil  which  is  soonest  exhausted  is 
precisely  that  part  in  which  the  greatest  number  of  the  ex- 
tremities of  roots  lies.*  This  shows  us  the  reason  why  the 
roots  of  plants  are  continually  increasing  in  length.  By 
this  means  they  are  enabled,  in  some  measure^  to  go  in 
quest  of  nourisliment.  The  extremities  of  the  coots  seem 
to  have  a  peculiar  structure  adapted  for  the  imbibing  .of 
moisture.  If  we  cut  off  the  extremity  of  a  root,  it  never 
ikicreascs  any  more,  in  length :  therefore  its  use  as  a  root  has 
been  in  a  great  measure  destroyed.  But  its  sides  send  o«t 
fibres  which  act  the  part  of  roots,  and  imbibe  food  by  their 
extremity.  Nay,  in  some  cases,  when  the  extremity  of  a 
root  is  cut  off,  the  whole  decays,  and  a  new  one  is  fbrraed 
in  its  place.  This,  as  Dr.  Bell  infianna  m^  ia  the  case  with 
the  hyacinth.t 
It  mutt  be  The  extremities  of  the  roots  contain  no  viable  opemng. 
ma  state  of  {]ence  we  may  conclude  that  the  fiK)d  wioch  tfaegr  imbibe, 
whatever  it  may  be^  must  be  in  a  state  ef  aohsdon;  while 
the  absolute  necessity  of  water  renders  it  probable  that 
water  is  the  solvent.  And,  in  fact,  the  carbonaceous  matter 
in  all  active  manures  is  in  such  a  state  of  combination  that 
it  is  soluble  in  water.  All  the  salts  which  we  can  suppose 
to  make  a  part  of  the  food  of  plants  are  more  or  less  solu« 
ble  in  water.  This  is  tlie  case  also  with  lime,  whether  it 
be  pure  or  in  the  state  of  a  salt ;  magnesia  and  alumina 
may  be  rendered  so  by  means  of  carbonic  acid  gas ;  and 
Bergman,  Macie,  and  Klaprotfa,  have  shown  that  even 
silica  may  be  dissolved  in  water.  We  can  see,  therefore, 
in  general,  thougfi  we  have  no  precise  notions  of  the  very 
combinations  which  are  immediately  imbibed  by  plants, 
that  all  the  substances  which  form  essential  parts  of  that 
food  may  be  dissolved  in  water. 

^  Phjsique  des  Arbres,  iii.  239.  f  Manch.  Mem.  ii.  412. 
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SECT.  III.  Chap.  III. 

'  OF  TH£  MOTION   OF  THE  SAP. 

Since  the  food  of  plants  is  imbibed  by  their  roots  in  a 
fluid  state,  it  must  exist  in  plants  in  a  fluid  state;  and  un- 
less it  ilndergoes  alterations  in  its  composition  just  when  im- 
bibedy  we  may  expect  to  find  it  in  the  plant  unaltered.  If 
tliefe  were  any  method  of  obtaining  this  fluid  food  from 
plants  before  it  has  been  altered  by  them,  we  might  analyse 
it,  and  obtain  by  that  means  a  much  more  accurate  know- 
ledge of  the  food  of  plants  than  we  can  by  any  other  me- 
diod.  This  plan  indeed  must  fail,  provided  the  food  under- 
goes alteration  just  when  it  is  absorbed  by  the  roots :  but 
if  we  consider,  that  when  one  species  of  tree  is  grafted 
upon  another,  each  bears  its  own  peculiar  fruit,  and  pro- 
duces its  own  peculiar  substances,  we  can  scarcely  avoid 
thinking  that  the  great  changes  at  least  which  the  food  un- 
dergoes after  absorption,  are  produced,  not  in  the  roots, 
but  in  other  parts  of  the  plant. 

If  this  conclusion  be  just,  the  food  of  plants,  afler  being  gap  of 
imbibed  by  the  roots,  must  go  directly  to  those  organs  P^^- 
where  it  is  to  receive  new  modifications,  and  to  be  rendered 
fit  for  being  assimilated  to  the  difierent  parts  of  the  plant. 
There  ought  therefore  to  be  certain  juices  continually  as- 
cending finom  the  roots  of  plants;  and  these  juices,  '\S  we 
could  get  them  pure  and  unmixed  with  the  other  juices  or 
fluids  which  die  plant  must  contain,  and  which  have  been 
secreted  and  formed  from  these  primary  juices,  would  be, 
very  nearly  at  least,  the  food  as  it  was  imbibed  by  the  plant. 
Now,  during  the  vegetation  of  plants,  there  actually  is  ajim» 
continually  ascending  from  their  roots.  This  juice  has  been 
called  the  sapy  the  mccus  communis^  or  the  lymph  of  plants. 

Tlie  sap  is  most  abundant  during  the  spring.  At  that  Flows  oat 
season,  if  a  cut  be  made  through  the  bark  and  part  of  the  *"  ^^ 
wood  of  some  trees,  the  sap  flows  out  very  profusely.  The 
trees  arc  then  said  to  bleed.  By  this  contrivance  any  quan- 
tity of  sap  we  think  proper  may  be  collected.  It  is  not 
probable,  indeed,  that  by  this  method  we  obtain  the  ascend- 
ing sap  in  all  its  purity ;  it  is  no  doubt  mixed  with  the 
peculiar  juices  of  the  plant :  but  the  less  progress  vegetation 
has  made,  the  purer  we  may  expect  to  And  it ;  both  bc- 
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Book  IV.  cause  the  peculiar  juices  must  be  in  much  imaller  quantity, 
^**"v^*^  and  because  its  quantity  may  be  supposed  to  be  greater. 
We  should  therefore  examine  the  sap  as  early  in  the  sea-* 
son  as  possible,  and  at  all  events  before  the  leaves  have  ex- 
panded. 

Though  a  number  of  experiments,  as  we  have  seen  in 
the  last  Chapter,  have  been  made  upon  the  sapj  they  are 
not  of  such  a  nature  as  to  throw  much  ii^t  upon  the  food 
absorbed  by  plants.    Chemistry  has  not  made  such  progress 
as  to  enable  even  the  most  expert  analysis  to  separate  and 
distinguish  small  quantities  of  the  vegetable  matter.     It  is 
even  possible  that  the  food,  after  it  has  been  imbibed,  may 
be,  to  a  certain  extent,  modified  and  altered  by  the  roots. 
In  what  manner  this  is  done  we  cannot  say,  as  we  know 
very  little  about  the  vascular  structure  of  the  roots.     We 
may  conclude,  however,  that  this  modification  is  nearly  the 
same  in  most  plants :  for  one  plant  may  be  engrafted  on 
another,  and  each  continue  to  produce  its  own  peculiar 
products;  which  could  not  be,  unless  the  proper  substances 
were  conveyed  to  the  digestive  organs  of  aU.     There  arc 
several  circumstances,  however,  which  render  the  modifying 
power  of  the  roots  somewhat  probable.     It  is  even  possible 
that  the  roots  may,  by  some  means  or  other,  throw  out 
again  some  part  of  the  food  which   they  have  imbibed  as 
excrcmcntitious.     This  has  bccU  suspected  by  several  phy- 
siologists ;  and  there  are  several  circumstances  which  render 
it  probable.     It  is  well  known  that  some  plants  will  not 
vegetate  well  after  others ;  and  that  some  again  vegetate 
unusually  well  when  planted  in  ground  where  certain  plants 
had  l>een  growing.     These  facts,  without  doubt,  may  be 
accounted  for  on  other  principles.     If  there  be  any  excrc- 
mciititious  matter  emitted  by  the  roots,  it  is  mucli  more 
probable  that  this  happens  in  the  last  stage  of  vegetation  j 
that  is  to  say,  when  the  food,  after  digestion,  is  applied  to 
the  purposes  which  the  root  requires.     But  the  fact  ought 
to  be  supported  by  experiments,  otherwise  it  cannot  be  ad- 
mitted. 
Mixed  with      Mr.  Knight,  to  whose  ingenious  and  important  experi- 
truc  sap  in  ments  and   observations   veiretable   physioloffv  lies  under 

Its  ascent.  .        .  *^  .  ^* 

SO  many  obligations,  has  rendered  it  extremely  probable 
that  the  sap,  as  it  ascends,  is  mixed  with  a  quantity  of  mat- 
ter, previously  deposited  in  tlie  alburnum  for  that  purpose, 
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iLnd  ready  prepared  to  be  assimilated  to  the  difTereiit  vcge-  Chap.  ill. 
table  argansJ^  According  to  him,  plants,  after  they  have 
attained  thdr  AiU  growth,  are  employed  during  the  latter 
part  of  summer  in  preparing  ibod  for  the  expanding  of  the 
buds  and  blossoms  in  the  succeeding  spring.  This  food 
when  prepared  is  deposited  in  the  alburnum.  Here  it  con- 
tinues during  the  winter ;  and  in  next  spring,  mixing  with 
the  ascending  sap,  it  afibrds  nourishment  to  the  buds  and 
leaves.  This  ingenious  opinion  Mr.  Knight  has  supported 
by  experiments  and  observations,  sufficient,  I  think,  to 
establish  its  truth.  It  constitutes  a  very  important  step  in 
vegetable  physiology,  as  it  enables  us  to  explain  many  ciiv 
cumatances  in  a  satisfiurtory  manner  that  appeared  formerly 
altogether  anomalous. 

He  ascertained,  by  experiments,  that  the  sap  increases  in 
density  as  it  ascends  towards  the  leaves.  Sap  extracted 
from  the  sycamore^  close  to  the  ground,  was  of  the  specific 
gravity  1*004;  while  that  which  flowed  out  at  the  height  of 
seven  feet  was  1*008,  and  at  the  height  of  12  feet  1*012. 
The  sap  of  the  birch  was  somewhat  lighter,  but  its  compa* 
rative  increase  of  density,  according  to  its  height,  was  the 
same.  When  extracted  near  the  ground,  the  sap,  both  of 
the  sycamore  and  birch,  was  nearly  tasteless ;  but  it  became 
sensibly  sweet  at  some  hei^it,  and  the  sweetness  increased 
with  the  distance  from  the  ground.  Thus  it  appears,  that 
the  quantity  of  vegetable  matter  in  sap  increases  as  it  flows 
towards  the  leaves;  a  direct  proof  that  it  imbibes  and 
mixes  with  something  during  its  passage,  lliat  this  matter 
was  lodged  in  the  alburnum  was  rendered  probable  by 
comparing  with  each  other  the  alburnum  in  winter  and  in 
summer.  For  if  nutriment  be  laid  up  in  the  alburnum  in 
winter,  and  employed  in  summer  for  the  purposes  of  vege- 
tatioD)  it  is  obvious  that  the  alburnum  during  winter  ought 
to  be  denser,  and  ought  to  yield  more  extract  to  water, 
than  the  same  substance  in  summer :  both  of  which  Mr. 
Knight  found  to  be  the  case.  Oak  poles,  of  the  same  age^ 
and  growing  from  the  same  stool,  were  felled,  partly  in 
December  ^nd  partly  in  May.  They  were  placed  in  the 
same  situation,  and  dried  for  seven  weeks  by  a  fire.    The 

*  On  the  State  io  which  the  Tru«  Sap  of  Tsees  is  deposited  during 
Winter.    Phil.  Tnns,  1805* 
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Book  IV.  specific  gravity  of  the  winter  felled  wood  wif  0^79^  of  the 
summer  0'609.  When  the  albumom  alone  was  weighed^ 
the  specific  gravity  of  the  winter  felled  wis  0*583 ;  of  the 
summer  felled  0*533.  One  thousand  grains  of  each  being 
mixed  with  six  ounces  of  boiling  water,  and  left  to  mace* 
rate  for  U  hours,  the  winter  felled  infusion  was  mudi 
deeper  coloured  than  the  other.  Its  specific  gravity  was 
1*002 ;  while  that  of  the  summer  feUed  infusion  was  1*001. 
This  deposition  of  nutritious  matter  eKplains  why  the  al- 
burnum of  trees  felled-  in  winter  is  much  more  solid  and 
valuable  than  the  alburnum  of  trees  feUed  in  sunmier. 

The  sap)  as  Dr.  Hales  has  shown  iis»  ascends  with  a 
very  considerable  force.  It  issued  during  the  bleeding 
season  with  such  impetuosity  firom  the  cut  end  of  a  vine 
branch,  that  it  supported  a  oohunn  of  mercury  32j>  indies 
high.* 

Now,  what  is  the  particular  channel  through  which  the 
sap  ascends,  and  what  is  the  cause  of  die  foroe  with  which 
it  moves  ?  These  are  questions  which  have  excited  a  great 
deal  of  the  attention  of  those  philosophers  who  have  made 
the  physiology  of  vegetables  their  particular  study ;  but  the 
examination  of  them  is  attended  with  so  msny  difficulties 
that  tliey  are  very  far  from  being  decided. 
Sap  as-  It  is  certain  that  the  sap  flows  from  the  roots  towards 

^°^*'        the  summit  of  the  tree.     For  if  in  the  bleeduig  season  a 
number  of  openings  be  made  in  the  tree,  the  sap  b^ins 
first  to  flow  from  the  lowest  opening,  then  from  the  lowest 
but  one,  and  so  on  successively,  till  at  last  it  makes  its  ap- 
pearance at  the  highest  of  all ;  and  when  Duhamd  and 
Bonnet  made  plants  vegetate  in  coloured  liquors,  the  co- 
louring matter,  which  was  deposited  in  the  wood,  appeared 
first  in  the  lowest  part  of  the  tree,  and  gradually  ascended 
higher  and  higher,  till  at  last  it  reached  the  top  of  the 
tree,  and  tinged  the  very  leaves. 
Through         It  seems  certain   too  that  the  sap  ascends  through  the 
the  wood,    wood,  and  not  tlirough  the  bark  of  the  tree :  for  a  plant 
continues  to  grow  even  when  stripped  of  a  great  part  of  its 
bark ;  which  could  not  ha{)pen  if  the  sap  ascended  through 
the  bark.     When  an  incision,  deep  enough  to  penetrate 
the  bark,  and  even  part  of  the  wood,  is  carried  quite  round 

♦  Veg.  Stat.  i.  105. 
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a  brancby  provided  the  wound  be  covered  up  from  the  ex-  Chtp.  ill. 
temal  air,  the  branch  continues  to  vegetate  as  if  nothing  ""-"v""^ 
had  happened;  which  could  not  be  the  case  if  the  sap 
ascended  between  the  bark  and  the  wood.  It  is  well  known, 
too,  that  in  the  bleeding  season  little  or  no  uip  can  be  got 
from  a  tree  unless  our  incision  penetrate  deeper  than  the 
bark. 

These  conclusions  have  been  confirmed  by  the  experi* 
ments  made  by  Coulomb  and  Knight.  Coulomb  observed 
that  no  sap  ever  flo^s  from  the  poplar  till  the  tree  be  cut 
nearly  to  the  centre.*  Mr.  Knight  observed  that  coloured 
infusions  always  pass  through  the  alburnum,  and  that  when* 
ever  the  alburnum  is  cut  through  the  plant  dies.f 

As  the  sap  is  never  found  in  the  parenchyma,  it  must  of  in  peculiar 
necessity  be  confined  in  particular  vessels ;  for  if  it  were  ^^**^^*- 
not,  it  would  undoubtedly  make  its  appearance  there.    Now, 
what  are  the  vessels  through  which  the  sap  ascends  ? 

Grew  and  Malpighi,  the  first  philosophers  who  examined 
the  structure  of  plants,  took  it  for  granted  that  the  woody 
fibres  were  tubes,  and  that  the  sap  ascended  through  them. 
For  this  reason  they  gave  these  fibres  the  namecf  b/mphatic 
vessels.  But  they  were  unable,  even  when  assisted  by  the 
best  microscopes,  to  detect  any  thing  in  these  fibres  which 
had  the  appearance  of  a  tube;  and  succeeding  observers 
have  been  equally  unsuccessful.  The  conjecture  therefore 
of  Malpighi  and  Grew,  about  the  nature  and  use  of  these 
fibres,  remains  totally  unsupported  by  any  proof.  Duho* 
mel  has  even  gone  for  to  overturn  it  altogether :  for  he 
found  that'  those  woody  fibres  are  divisible  into  smaller 
fibres,  and  these  again  into  still  smaller ;  and  even,  by  the 
assistance  of  the  best  microscopes,  he  could  find  no  end  of 
this  subdivision.:]:  .  Now,  granting  these  fibres  to  be  vessels, 
it  is  scarcely  possible,  after  this,  to  suppose  that  the  sap 
really  moves  through  tubes,  whose  diameters  are  almost 
infinitely  small.  There  are,  however,  vessels  in  plants 
which  may  easily  be  distinguished  by  the  help  of  a  small 
microflcope,  and  even  in  many  cases  by  the  naked  eye. 
Tbese  were  seen,  and  distinctly  described,  by  Grew  md 
Malpi^i.    They  consist  of  a  fibre  twisted  round  like  a 

•  Jour,  de  Phyi.  xlix.  8W.  t  Phil.  Tnrns.  1801,  p.  336. 

i  PbjtiqiM  dM  Arbrtf;  i  $7. 


i 


SS9  VEGETATION. 

Book  IV.  corkscrew.    If  we  take  a  small  cylinder  of  wood,   and 
wrap  round  it  a  slender  brass  wire,  so  closely  that  all   the 
rings  of  the  wire  touch  each  other,  and  i(  after  this,   we 
pull  out  the  wooden  cylinder  altogether,  the  brass  wire  thu^ 
twisted  will  give  us  a  very  good  representation  of  these  ves- 
sels.    If  we  take  hold  of  the  two  ends  of  the  brass  wire  thus 
twisted,  and  pull  them,  we  can  easily  draw  out  the  wire  to 
a  considerable  length.     In  the  same  manner,  when  we  lay 
hold  of  the  two  extremities  of  these  vessels,  we  can  draw 
them  out  to  a  great  length.     Malpighi  and  Grew,  finding 
them  always  empty,  concluded  that  they  ware  intended  for 
the  circuhition  of  the  air  through  the  plant,  and  therefore 
gave  them  the  name  of  trachete ;  which  word  is  used  to 
denote  the  windpipe  of  animabi .  These  irachece  are  not 
found  in  the  bark ;  but  Hed wig  has  shown  that  they  are 
much  more  numerous  in  the  wood  than  was  supposed ;  and 
that  they  are  of  very  different  diameters ;  and  Reichel  has 
demonstrateil  that  they  go  to  the  minutest  branches,  and 
spread  through  every  leatl     He  has  shown,  too^  that  they 
contain  sap;  and  Hed  wig  has  proved  that  the  notion  which 
generally  prevailed  of  dieir  containing  nothing  but  air, 
arose  from  tliis  circumstance,  that  the  larger  tracheip^  which 
alone  were  attended  to,  lose  their  sap  as  soon  as  tliey  are 
cut ;  and  of  course,   unless  riiey  are  inspected  the  insfant 
diey  are  divided,  ihey  appear  empty.*     Is  it  not  probable, 
tiien,  from  the  discoveries  of  tliat  very  ingenious  physiolo- 
gist, that  the  trachcaj  arc,  in  reality,  the  Sap  vessels  of 
plants?  Indeed  it  seems  established,  by  the  experiments 
both  of  Reichel  and  Hedwig,   that  almost  all  the  vessels 
of  plants  may,  if  we  attend  only  to  their  structure,  be  deno- 
minated traduce.     But  whether  the  structure  of  the  sap 
vessels  be  similar  to  that  of  the  tracheae  or  not,  ii  has  been 
perfectly  ascertained  that  the  sap  ascends  in  vessels,  and  that 
these  vessels  are  situated  in  the  wood,  chiefly  indeed  in  the 
alburnum.     Hence  Mr.  Knight  has  given  them  the  name 
of  alhi^rficfi'i  vessels. 
Its  asrcn-         But  by  wliat  })owers  is  the  sap  made  to  ascend  in  these 
vessels?  ;uul  not  only  to  ascend,  but  to  move  with  very 
considerable  force ;  a  force,  as  Hales  has  shown,  sufficient 


•  Fundament.  Hist.  Nat.  Muscov.  Frondes.  Part  I.  p.  54. 
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to  OTOiooBM   the  preMore  of  A3  feet    perpendicular  of  Chap.  III. 
water?*  "^^ v-^ 

Grew  ascribed  this  phenomenon  to  the  levity  of  the  sap;  Ascribed  to 
vhieh,  according  to  him,  altered  theplant  in  the  atateof^^^'^'^» 
a  very  light  vapour.  Bnt  this  (pinion  will  not  bear  the 
slightest  esamination.  Malpighi  supposed  that  the  sap  was  To  the  con- 
made  to  ascend  by  the  contraction  and  dila^tation  of  the  air  ^^^^  ^^ 
contained  in  the  air  vessels.  But  even  were  we  to  grant 
that  the  trachesB  are  air  vessels,  the  sap,  according  to  this 
hypothesis,  could  only  ascend  when  a  change  of  tempera- 
ture takes  place;  which  is  contrary  to  &ct.  And  even  if 
we  were  to  wave  every  objection  of  that  kind,  the  hypothesis 
would  not  account  for  the  circulation  of  the  sap,  unless  the 
sap  vessels  be  provided  with  valves.  Now  the  experiments 
of  Hales  and  Duhamel.  show  that  no  valves  can  possibly 
exist  in  them :  for  branches  imbibe  moisture  nearly  equally 
by  either  end ;  and  consequ^itly  the  sap  moves  with  equal 
facility  both  upwards  and  downwards,  which  it  could  not 
do  were  there  valves  in  the  vessels.  Besides,  it  is  known^. 
froin  many  experiments,  that  we  may  convert  the  roots  of 
a  tree  into  the  branches,  and  the  branches  into  the  roots^ 
by  covering  the  branches  with  earth,  and  exposing  the  roots 
to  the  air.f  Now  thii  would  be  impossible  if  the  sap 
vessels  were  provided  with  valves.  The  same  remarks 
overturn  the  hypothesis  of  Mr.  de  la  Hire,  which  is  merely 
that  of  Malpighi,  expressed  with  greater  precision,  and 
with  a  greater  parade  of  mechanical  knowledge.  like 
Borelli,  he  placed  the  ascending  power  of  the  sap  in  the 
par^ichyma.  But  his  very  experiments,  had  he  attended 
to  them  with  care^  would  have  been  sufficient  to  show  the 
imperfection  of  his  theory^ 

The  greater  number  of  philosophers  (for  it  is  needlessto 
mention  those  who,  like  Perraultj  had  recourse  to  fermenr 
tadon,  nor  those  who  introduced  the  weight  of  the  atmos- 
phere) have  ascribed  the  motion  of  the  sap  to  capillary  at" 
traction. 

•  Veget  Stat.  i.  107. 

t  Mr.  Knight  has  lately  shown  that  the  inverted  shoots  by  no  means 
grow  so  well  as  when  in  their  natural  position;  and  has  even  mad«  il 
probable  that  the  vessds  of  the  bark  are  furnished  with  valves,  or  with 
gometbiug'  eqirivalent.  Bat  no  evidence  has  been  adduced  to  iodace  ns 
tolieIiev«  that  this  is  the  case  with  the  sap  vessels.— -See  \'  '^' 
on  the  Motion  of  the  Sap  of  Trees.    Phil.  Trans.  1804. 
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Book  IV.       There  exists  an  attraction  between  auuiy  wolid  bodies 
^"'v^^  and  liquids ;  in  consequence  of  which,  if  these  solid  bodies' 
i/attnc-^'  be  formed  into  small  tubes,  the  liquid  enters  them,  and 
tion.  rises  in  them  to  a  certain  height.     But  this  »  perceptible 

only  when  the  diameter  of  the  tube  is  very  small.  Hence 
the  attraction  has  been  denominated  capiUary.  We  know 
that  there  is  such  an  attraction  between  vegetable  fibres 
and  watery  liquids ;  for  such  liquids  will  ascend  through 
dead  vc^table  matter.  It  is  hig^y  probable,  therefore^ 
that  the  food  of  plants  enters  the  roots,  in  consequence  of 
the  capillary  attraction  which  subsists  between  the  sap  ves- 
sels  and  the  liquid  imbibed.  This  species  of  attraction^ 
then,  will  account  perfectly  well  for  the  entrance  of  moi»* 
ture  into  the  mouths  of  the  sap  vesseb :  but  will  it  aoooimt 
also,  as  some  have  supposed,  for  the  ascent  of  the  sap^  and 
for  the  great  force  with  which  it  ascends? 

The  nature  and  laws  of  capillary  attraction  have  been 
very  much  overlooked  by  philosophers.  But  we  know 
enough  concerning  it  to  enable  us  to  decide  the  present 
question.  It  consists  in  a  certain  attraction  between  the 
particles  of  the  liquid  and  of  the  tube.  It  has  been  demon- 
strated, that  it  does  not  extend,  or  at  least  that  it  produces 
no  sensible  effect,  at  greater  distances  than  rrsr^^  P^^  ^^ 
an  inch.  It  has  been  demonstrated,  tiiat  the  water  as- 
cends, not  by  the  capillary  attraction  of  the  whole  tube, 
but  of  a  slender  film,  of  it ;  and  Clairaut  has  shown  that 
this  film  is  situated  at  the  lowermost  extremity  of  the  tube.*" 
This  film  attracts  the  liquid  with  a  certain  force ;  and  if 
this  force  be  greater  than  the  cohesion  between  the  par- 
ticles of  the  liquid,  part  enters  the  tube,  and  continues  to 
enter,  till  the  quantity  above  the  attracting  film  of  the  tube 
just  equals,  by  its  weight,  the  excess  of  the  capillary  at- 
traction between  the  tube  and  the  liquid  above  the  cohesion 
of  the  liquid.  The  quantity  of  water,  therefore,  in  the 
tube  is  pretty  nearly  the  measure  of  this  excess ;  for  the  at- 
tracting film  is  probably  very  minute. 

•  The  action  of  all  the  other  films,  of  which  the  tube  is  composed,  on 
the  water,  as  far  as  it  is  measured  by  its  effect,  is  nothing  at  all.  For 
•very  particle  of  water  in  the  tube  (except  those  attracted  by  the  under- 
most film)  is  attracted  upwards  and  downwards  by  the  same  number  of 
films :  it  is  therefore  precisely  iu  the  same  state  as  if  it  were  not  attracted 
at  all. 

s 


MOTIOK   OF  THE  SAP.  339 

It  has  been  demtoDftrated,  that  the  heights  to  which  li-  chap.  iiT. 
quids  rise  in  capillary  tubes  are  inversely  at  the  diameter  ^-— v-*-^ 
erf  the  tube.    Oonsequently  the  smaller  the  diameter  of  the  ^"*  *'"**■ 

*  ■^  out  reisoii« 

tube,  the  grtater  is  the  height  to  which  the  liquid  will  rise. 
But  the  particles  of  water  are  not  infinitely  small ;  tliere* 
fore^  whenever  the  diameter  of  the  tube  is  diminished  be- 
yond a  certain  size,  water  cannot  ascend  in  it,  because  its 
particles  are  now  larger  than  the  bore  of  the  tube.  Con- 
sequently the  rise  of  water  in  capillary  tubes  must  have  a 
limit :  if  they  exceed  a  certain  length,  how  small  soever 
their  bore  may  be^  water  will  cither  not  rise  to  the  top  of 
them,  or  it  will  not  enter  them  at  all.  We  have  no  method 
of  ascertaining  the  precise  height  to  which  water  would 
rise  in  a  capillary  tube,  whose  bore  is  just  large  enough  to 
admit  a  single  particle  of  water.  Therefore  we  do  not 
know  the  limit  of  the  height  to  which  water  may  be  raised 
by  capillary  attraction.  But  whenever  the  bore  is  dimi- 
nished beyond  a  certain  size,  the  quantity  of  water  which 
rises  in  it  is  too  small  to  be  sensible.  We  can  easily  as- 
certain the  height  which  water  cannot  exceed  in  capillary 
tubes  before  this  happens;  and  if  any  person  calculate,  he 
will  find  that  this  height  is  not  nearly  equal  to  the  length  of 
the  sap  vessels  of  many  plants.  But  besides  all  this,  we  see 
in  many  plants  very  long  sap  vessels,  of  a  diameter  too 
large  for  a  liquid  to  rise  in  them  a  single  foot  by  capillary 
attraction,  and  yet  the  sap  rises  in  them  to  very  great 
heights. 

If  any  person  says  that  the  sap  vessels  of  plants  gradnally 
diminish  in  diameter  as  they  ascend ;  and  that,  in  conse- 
quence of  this  contrivance,  they  act  precisely  as  an  inde- 
finite number  of  capillary  tubes,  one  standing  upon  ano- 
ther, the  inferior  serving  as  a  reservoir  for  the  superior — 
I  answer,  that  the  sap  may  ascend  by  that  means  to  a 
considerable  height :  but  certainly  not  in  any  greater  quan- 
tity than  if  the  whole  sap  vessel  had  been  precisely  of  the 
bore  of  its  upper  extremity ;  for  the  quantity  of  sap  raised 
must  depend  upon  the  bore  of  the  upper  extremity,  be- 
cause it  must  all  pass  through  that  extremity. 

But  fiuther,  if  the  sap  moved  only  in  tlie  vessels  of  plants 
by  capillary  attraction,  it  would  be  so  far  from  flowing  out 
at  the  extremity  of  a  brancii,  with  a  force  sufficient  to  over- 
come the  pressure  of  a  column  of  water  43  feet  high,  that 

z  2 


340  VEOETATIOV. 

Book  IV.  it  could  not  flow  out  at  all.    It  would  be  baapomiblt  in 
^"^"V*^  that  case  for  any  sucb  thing  as  the  Hfrdiiy  of  trees  ever 
to  happen. 

If  we  take  a  capillary  tube,  of  sock  a  bore  thai  a  liquid 
will  rise  in  it  six  inches,  and  after  the  liquid  has  risen  U> 
its  greatest  height,  break  it  short  three  inches  from  the 
bottom,  none  of  the  liquid  in  the  under  half  flows  over. 
The  tube,  thus  shortened,  continues  indeed  full,  but  not  a 
single  particle  of  liquid  ever  escapes  from  it  And  how  is 
it  possible  for  it  to  escape?  The  film,  at  the  ifper  extremity 
of  the  tube,  must  certainly  have  as  strong  an  attraction  for 
the  liquid  as  the  film  at  the  lower  extremity.  As  part  of 
the  liquid  is  within  its  attracting  distino^,  and  aa  tbere  is 
no  part  of  the  tube  above  to  counterbalance  this  attraction, 
it  must  of  necessity  attract  the  liquid  nearest  it|  and  with  a 
jforce  sufficient  to  counterbalance  this  attraction  of  the  un- 
dermost film,  how  great  soever  we  may  suppose  it  Of 
course  no  liquid  can  be  forced  up,  and  consequently  none 
can  flow  out  of  the  tube.  Sbce,  then,  the  sap  ^fiou/s  out  at 
the  upper  extremity  of  the  sap  vessels  of  plants,  we  are 
absolutely  certain  that  it  does  not  ascend  in  them  merely 
by  its  capillary  attraction,  but  that  there  is  some  oth^ 
cause. 

It  is  impossible,  therefore,  to  account  for  the  motion  of 
the  sap  in  plants  by  any  mechanical  or  chemical  principles 
whatever ;  and  he  who  ascribes  it  to  these  principles  has 
not  formed  to  himself  any  clear  or  accurate  conception  of 
the  subject.  We  know  indeed  that  heat  is  an  agent;  for 
Dr.  Walker  found  tliat  the  ascent  of  the  sap  is  much  pro* 
moted  by  heat,  and  that  after  it  had  b^un  to  flow  from 
several  incisions,  cold  made  it  give  over  flowiiy  from  the 
higher  orifices  while  it  continued  to  flow  at  the  lower.*  But 
this  cannot  be  owing  to  the  dilating  power  (tf  heat;  for 
unless  the  sap  vessels  of  plants  were  furnished  with  valves, 
dilatation  would  rather  retard  than  promote  the  ascent  of 
the  sap. 
The  vessels  We  must,  therefore,  ascribe  it  to  some  other  cause:  the 
must  con-  vessels  themselves  must  certainly  act  Many  philosophers 
have  seen  the  necessity  of  this,   and   have   accordingly 

*  Edio.  Trans,  u 
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ggcribfld  tile  aslsaiit  df  the  8q>  to  irritability.  Bat  the  first  Chip.  iii. 
penoa  who  gave'a  predse  view  of  the  maimer  in  which  the 
Teieels  probably  act  was  Saussure.  He  supposes  that  the 
sap  enters  the  open  mouths  of  the  vessels  at  the  extremity 
of  the  roots;  that  these  mouths  then  contract^  and  by  that 
oontractiGO  propel  the  sap  upwards ;  that  this  contraction 
gradually  follows  the  sap,  pushing  it  up  from  the  extremity 
of  the  root  to  the  summit  of  the  plant.  In  the  mean  time 
ihe  mouths  are  receiving  new  sap,  which  in  the  same  qian- 
Mr  is  pushed  upwards.*  Whether  we  suppose  the  con- 
Iractioii  to  take  place  precisely  in  this  manner  or  not,  we 
canscarcdy  deny  that  it  must  take  place;  but  by  what 
means  it  is  impossible  at  present  to  say.  The  agents  cannot 
precisdy  resemble  the  muscles  of  animals;  because  the 
whole  tube,  however  cut  or  maimed,  still  retains  its  contract* 
ing  power,  and  because  the  contraction  is  performed  with 
equal  readi|ieM  in  every  directi<»i.f  It  is  evident,  however, 
that  they  must  be  the  same  in  kind.  Perhaps  the  particular 
structure  of  the  vessels  may  fit  them  for  their  office.  Does 
ring  after  ring  contract  its  diameter?  The  contracting 
agents,  whatever  they  are^  seem  to  be  excited  to  act  by 
some  stimulus  communicated  to  them  by  the  sap.  This 
capacity  of  being  excited  to  action  is  known  in  physiolc^ 
by  the  name  of  irritabiUiy  ;  and  there  are  not  wanting  proofs 
that  plants  are  possessed  of  it.  It  b  weU  known  that  dif- 
ferent parts  of  plants  move  when  certain  substances  act 
vapon  them.  Thus  the  flowers  of  many  open  at  sunrise^ 
and  close  again  at  night.  Linnaeus  has  given  us  a  list  of 
these  plants.  Des  Fontaines  has  shown  that  the  stamina 
and  antherae  of  many  plants  exhibit  distinct  motions.^:  Dr. 
Smith  has  observed,  that  the  stamina  of  the  barberries  are 


•  Eucycl.  Meth.  Phys.  Veget.  p.  267. 

t  Mr.  Knight  thinks  it  probable  that  the  sap  is  propelled  by  the  con- 
traction  and  expansion  of  what  is  called  by  carpenters  the  iihtr  grain  of 
the  wood,  between  the  lamina  of  which  the  vessels  run.  (Phil.  Trans. 
1801,  p.  344.)  By  silver  grain  is  meant  those  thin  longitudinal  fibres, 
divQigiDg  in  every  direction  from  the  pith,  and  composed  of  the  lymphatic 
vssieb  of  Grew  and  Malpighi.  I  do  not  see  how  the  contraction  of  thtia 
lamiBaB  could  propel  the  sap  through  the  sap  vessel,  destitute  as  they  are 
of  valves,  unless  it  were  a  contraction  precisely  similar  to  what  Saussare 
supposed  to  take  place  in  the  sap  vessels. 

I  Mem.  Par.  1787. 
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Book  IV.  thrown  into  motions  when  touched.*    Roth  has  mscertained 
that  the  leaves  of  the  drosera  longifMa  and  roiwidifolia  have 
the  same  property.    Mr.  Coulomb,  too,  who  has  adopted 
the  opinion  that  the  motion  of  the  sap  in  plants  is  produced 
by  the  contraction  of  vessels,  has  even  made  a  number  of 
experiments  in  order  to  show  this  contraction.     But  the 
&ct  is,  that  every  one  has  it  in  his  power  to  make  a  decisive 
experiment.     Simply  cutting  a  plant,  the  euphorbia  pepUs 
for  instance,  in  two  places,  so  as  to  separate  a  portion  of  the 
stem  from  the  rest,  is  a  complete  d^ncmstration  that  the 
vessels  actually  do  contract.      For  whoever  makes  the  ex- 
periment, will  find  that  the  milky  juice  of  that  plant  flows 
out  at  both  ends  so  completely,  that  if  afterwards  we  cut  the 
portion  of  the  stem  in  the  middle  no  jmoe  whatever  appears. 
Now  it  is  impossible  that  these  phenomena  could  take  place 
without  a  contraction  of  the  vessels;  'for  the  vessels  in  that 
part  of  the  stem  which  has  been  detached  cannot  have  been 
more  than  full ;  and  their  diameter  is  so  small,  that  if  it 
were  to  continue  unaltered,  the  capillary  attraction  would 
be  more  than  sufficient  to  retain  their  contents,  and  conse^ 
quently  not  a  drop  would  flow  out.     Since,  therefore,  the 
whole  liquid  escapes,  it  must  be  driven  out  forcibly,  and 
consequently  the  vessels  must  contract. 
^     It  seems  pretty  plain,  too,  that  the  vessels  are  excited  to 
contract  by  various  stimuli ;  the  experiments  of  Coulomb 
and  Saussure  render  this  probable,  and  an  observation  of 
Dr.  Smith  Barton  makes  it  next  to  certain.     He  found  that 
plants  growing  in  water  vegetated  with  much  much  greater 
vigour,  provided  a  little  camphor  was  thrown  into  the  water^t 


SECT.  IV. 


OF  THE   FUNCTIONS  OF   THK   LEAVES. 


Peculiar  It  has  bccn  ascertained  that  the  sap  ascends  to  the  leaves, 

id  bythr'  ^^^^  ^^  there  undergoes  certain  alterations,  and  is  converted 
kavw.        into  another  fluid  called  the  siiccus proprius,  peculiar  juiccj  or 

•  Phil.  Trans,  Uxviii,  +  Ann.  de  Chim.  tlxYu.  6». 
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irtiesap;  which,  like  the  blood  in  animals,  is  afterwards  Chip.  ill. 
emplojed  in  forming  the  various  substances  found  in  plants.  ^""V*^ 
Now,  the  changes  which  the  sap  undergoes  in  the  leaves, 
provided  we  can  trace  them,  must  throw  a  great  deal  of 
light  upon  the  nature  of  vegetation.  These  changes  are 
produced  ui  part  during  the  day,  in  part  during  the  night 
Now,  as  the  functions  of  the  leaves  during  the  day  are  very 
different  from  what  they  are  during  the  night,  it  will  be 
proper  to  consider  them  separately. 

I.  No  sooner  has  the  sap  arrived  at  the  leaves,  than  a  PmoTch* 
great  part  of  it  is  thrown  off  by  evaporation.  pra"^ 

1.  The  quantity  thus  perspired  b^rs  a  very  great  propor-  iti  qaan« 
tion  to  the  moisture  imbibed.*  Mr.  Woodward  found  that  ^^* 
a  sprig  of  mint,  weighing  27  grsdns,  in  77  days  imbibed 
2558  grains  of  water,  and  yet  its  weight  was  only  increased 
15  gnuns;  therefore  it  must  have  given  out  254S  grains. 
The  same  experiment  was  rqxiated  by  this  philosopher  on 
other  plants ;  the  following  table  exhibits  the  result :  * 


PUnU  and  Water. 


Spearmint  in  spring  water 

Spearmint  in  rain  water 

&)earmint  in  Thames  water 

Common  nightshade  in  spring  water  • . 
Lathyris  in  spring  water. 


Weight. 


Wbeo 
pot 
in. 


27 

28-,^ 

28 

49 

98 


Wlien 

taken 

out. 

r- 

42 

451^ 

54 
106 
101 


Gain 
in  77 
dayi. 


r- 

15 
17j 
26 
57 


Water 


ed. 


2558 
3004 
2493 
3708 


34^^501 


*i 


These  experiments  demonstrate  the  great  quantity  of 
matter  which  is  constantly  leaving  the  plant.  Dr.  Hales 
found  that  a  cabbage  transmitted  daily  a  quantity  of  mois* 
ture  equal  to  about  half  its  weight;  and  that  a  sun-flower, 
three  feet  high,  transmitted  in  a  day  1  lb.  14  oz.  avoirdu- 
pois.f  He  showed,  that  the  quantity  of  transpiration  in 
the  same  plant  was  proportional  to  the  surface  of  the  leaves, 
and  that  when  the  leaves  were  taken  off  the  transpiration 
nearly  ceased.}:    By  these  observations,  he  demonstrated 


*  PhiL  Trans.  1699,  xxU.  193. 
t  V^ct.  Sut.  p.  30. 
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Book  IV.  that  the  leaves  are  the  <NrgaQ8  of  trapupiintiiMu  He  fennd^ 
^^"""V"^  toes  that  fhe  transpiration  was  nearly  oonfiBei  to  the  daj^ 
very  little  taking  place  during  the  night;  *  that  it  was  mud|i 
promoted  by  heat,  and  stopped  by  rain  and  fcost :  f  and 
Millar,:|:  Guettard,$  and  Sennebier,  have  shown  that  the 
transpiration  is  also  very  much  promoted  by  sunshine* 

The  quantity  of  moisture  imbibed  by  plants  depends  vary 
much  upon  what  they  transpire ;  the  reason  is  evident :  wheo 
the  vessels  are  once  filled  with  sap,  if  none  be  carried  ot^  no 
more  can  enter;  and,  of  course^  the  quantity  which  enters 
must  depend  upon  the  quantity  emitted. 

2.  In  order  to  discover  the  nature  of  the  transpired 

matter,  Hales  placed  plants  In  large  glaas  vessels,  and  by 

Nature  of   that  means  collected  aquanti^of  it.i|     He  ioumd  that  it 

1^  ^^^'  resembled  pure  water  in  every  particular,  excepting  only  that 

'  it  sometimes  had  the  odour  of  the  plant.    He  remarked,  too^ 

as  Guettard  and  Duhamel  did  after  him,  that  when  kept 

for  some  time  it  putrified,  or  sA  least  acquired  a  stinking 

smell.     Sennebier  subjected  a  quantity  of  this  liquid  to  a 

chemical  analysis. 

He  collected  13030  grains  of  it  from  a  vine  during  the 
months  of  May  and  June.  After  filtration  he  gradually 
evaporated  the  whole  to  dryness.  There  remained  behind 
two  grains  of  residuum.  These  two  grains  consisted  of 
nearly  ^  grain  of  carbonate  of  lime,  -jV  grain  of  sulphate  of 
lime,  -^  grain  of  matter  soluble  in  water,  and  having  the 
appearance  of  gum,  and  -^  grain  of  matter  whidi  was  soluble 
in  alcohol,  and  apparently  resinous.  He  analysed  6076$ 
grains  of  the  same  liquid,  collected  from  the  vine  during  the 
months  of  July  and  August.  On  evaporation,  he  obtained 
24^  grains  of  residuum,  composed  of  ^  grain  of  carbonate 
of  lime,  ^  grain  of  sulphate  of  lime,  ^  grain  of  mucilage,  and 
j-  grain  of  resin.  The  liquid  transpired  by  the  aster  Novcb 
Anglias  aflforded  precisely  the  same  ingredients.** 
Proportion  3.  Sennebier  attempted  to  ascertain  tlie  proportion  which 
ablorbcd?*  ^^^  liquid  transpired  bore  to  the  quantity  of  moisture  im- 
bibed by  the  plant.  But  it  is  easy  to  see  that  such  expe- 
riments are  liable  to  too  great  uncertainties  to  be  dqiended 

♦  Vegtt.  Stat.  p.  5.  %  Ibid.  p.  27  and  48.  J  Ibid.  p.  22. 
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on.  Hk  method  was  as  follows :  he  plunged  the  thick  ^nd  Q»»»  >»; 
of  the  branch  on  which  he  made  the  experiment  into  a  ^"^^^^"^ 
bottle  of  water,  while  the  other  end,  containing  all  ifis 
feaves,  was  thrust  into  a  very  large  glass  f^cbe*  .  The  apr 
paratufi  was  then  exposed  to  the  sunsliine.  The  <{uantiQr 
imbibed  was  known  exactly  by  the  water  which  disappeared 
£rom  the  bottle,  and  the  quantity  transpired  was  judged  of 
by  the  liquid  which  condensed  and  trickled  down  the  aides 
of  the  glass  globe.  The  following  table  exhibits  the  result 
of  his  experiments : 

PUntt.  Imbibed^  Penpired.  Time. 

Peach   100  gr., 35  gr — 

Ditto. 210    90    — 

Ditto 220    120    — 

Mint 200   90   2  daya 

Ditto 575    120    10 

Rasp 725    560   2 

Ditto. 1232    765    2 

Peach 710   295   1 

Apricot 210   180   1 

In  some  of  his  experiments  no  liquid  M  all  was  con- 
densed. Hence  it  is  evident  that  the  quantity  of  matter 
transpired  cannot  be  deduced  from  these  experiments.  The 
mouth  of  the  glass  globe  does  not  seem  to  have  been  ac- 
curately closed;  the  air  within  it  communicated  with  the 
external  air;  consequently  the  quantity  condensed  must 
have  depended  entirely  upon  the  state  of  the  external  air^ 
the  heat^  &c. 

4.  The  first  great  change,  then,  which  takes  place  upon 
the  sap  after  it  arrives  at  the  leaves,  is  the  evaporation  of  a 
great  part  of  it;  consequently  what  remains  must  be  very 
different  in  its  proportions  from  the  sap.     The  leaves  seem  Peculiar 
to  have  particular  orirans  adapted  for  throwinff  off  part  of  "'«*"  °^ 
the  sap  by  transpiration ;  for  the  experiments  of  Guettard,?  tion. 
Duhamel,f  and  Bonnet,:^  show  that  it  is  performed  chi^y 
by  the  upper  surfaces  of  leaves,  and  may  be  nearly  stopped 
altc^ther  by  varnishing  that  surface. 

The  leaves  of  plants  become  gradually  less  and  less  fit  whj  the 
for  this  transpiration  ;  for  Sennebier  found  that  when  all  *^*^"  ^*^^ 


o«. 
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Book  IV.  Other  things  are  equal,  the  transpiration  ii  much  greater  is 
^^■"v— ^  May  than  in  September.*    Hence  the  reason   that  the 
leaves  are  renewed  annually.    Their  organs  become  gra- 
dually unfit  for  performing  their  fiinctionsy  and  therefore  it 
is  necessary  to  renew  them.    Those  trees  which  retain  their 
leaves  during  the  winter  were  firand  by  Hales  and  suc- 
ceeding physiologists  to  tranqpire  less  than  others.     It  is 
now  well  known  that  these  trees  also  renew  their  leaves. 
LnvM  lb-      II.  Leaves  have  also  the  property  of  absoriung  carbonic 
Scjidd^  acid  gas  from  the  atmosphere. 

1.  We  are  indebted  for  this  very  important  discovery  to 
the  experiments  of  Dr.  Priestley.  It  has  been  long  known 
that  when  a  candle  has  been  allowed  to  bum  out  in  any 
quantity  of  air,  no  candle  can  afterwards  be  made  to  bum 
in  it.  In  the  year  1771f  Dr.  Priestley  made  a  sprig  of 
mint  vegetate  for  ten  days  in  contact  with  a  quantity  of 
such  air:  after  which  he  found  that  a  candle  would  bum  in 
it  perfectly  well.f  This  experiment  he  repeated  frequently, 
and  found  that  it  was  always  attended  with  the  same  result. 
According  to  the  opinion  at  that  time  universally  received, 
that  the  burning  of  candles  rendered  air  impure  by  com- 
municating phlogiston  to  it,  he  concluded  from  it,  that 
plants,  while  they  vegetate,  absorb  phlogiston. 

Carbonic  acid  gas  was  at  that  time  supposed  to  contain 
phlogiston.  It  was  natural,  therefore,  to  suppose  that  it 
would  afford  nourishment  to  plants,  since  diey  had  the 
property  of  absorbing  phlogiston  from  the  atmosphere. 
Dr.  Percival  had  published  a  set  of  experiments,  by  which 
he  endeavoured  to  show  that  this  was  actually  tlie  case. 

These  experiments  induced  Dr.  Priestley,  in  1776,  to 
consider  the  subject  with  more  attention.  But  as,  in  all 
the  experiments  which  he  made,  the  plants  confined  in  car- 
bonic acid  gas  very  soon  died,  he  concluded  that  carbonic 
acid  gas  was  not  a  food,  but  a  poison  to  plants.^  Mr, 
Henry  of  Manchester  was  led  in  1784,  probably  by  the 
contrariety  of  these  results,  to  examine  the  subject.  His 
experiments,  which  were  published  in  the  Manchester 
Transactions, §  perfectly  coincided  with  those  of  Dr.  Per- 
cival.    For  he  found  that  carbonic  acid  gas,  so  far  from 

♦  Encyc.  Meth.  Veget.  285.  +  On  Air,  iii.  251. 

t  On  Air,  i.  100.  ^i  Vol.  ii.  341. 
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killing  planta>-  constantly  promoted  their  growth  and  cbap.  ill. 
vigour.  ^  Meanwhile  Mr.  Sennebier  was  occupied  at  Geneva 
with  the  same  subject;  and  he  published  the  result 
of  his  researches  in  his  Memoires  Physico-Chymiques 
about  the  year  1780.  His  experiments  showed,  in  the 
dearest  manner,  that  carbonic  acid  gas  is  used  by  plants  as 
food.  The  same  thing  was  supported  by  Ingenhousz  in  his 
second  volume.  The  experiments  of  Saussure  jimior,pub« 
lished  in  1797,  have  at  last  put  the  subject  beyond  the 
reach  of  dispute.  From  a  carefid  comparison  of  the  ex- 
periments of  these  philosophers,  it  will  not  be  difficult  for 
us  to  discover  the  various  phenomena,  and  to  reconcile  all 
the  seeming  contradictions  which  occur  in  them.  The  facts 
are  as  follows : 

2.  Plants  will  not  vegetate  in  an  atmosphere  of  pure 
carbonic  acid,  nor  if  their  atmosphere  contains  |ths  of  its 
bulk  of  that  gas.  They  v^;etate  in  the  sun  when  confined 
in  atmospheres  containing  4,  ^th,  or  jth,  of  that  gas,  and 
ihe  v(^tation  improves  as  the  quantity  of  gas  diminishes. 
When  the  atmosphere  contains  only  -j^th  of  carbonic  acid 
gas,  plants  grow  in  it  considerably  better  in  the  sun,  dian 
when  placed  in  an  atmosphere  of  common  air ;  but  when 
plants  are  placed  in  the  shade,  the  presence  of  carbonic 
acid  always  injures  their  v^etation  instead  of  promoting 
it.* 

•  S.  Mr.  Saussurc  has  shown,  that  plants  will  not  vegetate  Emit  esyw 
in  tlie  sun  wheu  totally  deprived  of  carbonic  acid  gas.  *"**■•• 
They  vegetate  indeed  well  enough  in  air  which  has  been, 
previously  deprived  of  carbonic  add  gas;  but  when  a 
quantity  of  lime  was  put  into  the  glass  vessel  which  con* 
tained  them,  they  no  longer  continued  to  grow,  and  the 
leaves  in  a  few  days  fell  off.f  The  air,  when  examined, 
was  found  to  contain  no  carbonic  acid  gas.  The  reason  of 
this  phenomenon  is,  that  plants  (as  we  i^all  see  afterwards) 
have  the  power  of  forming  and  giving  out  carbonic  acid  in 
•certain  circumstances;  and  this  quantity  is  sufficient  to 
continue  their  vegetation  for  a  certain  time.  But  if  this 
new  formed  gas  be  also  withdrawn,  by  quicklime  for  in^ 
stance,  which  absorbs  it  the  instant  it  appears,  the  leaves 

*  Saassure,  Recherchcs  Chiiniques  sur  la  VegetatioD,  p.  90. 
f  Ann.  de  Chim.  xxiv.  145^  148. 
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Book  IV.  droop,  and  refuse  to  perfomi  their  fimctioni.^    Carbonie 
^""""N^^^  acid  gas,  then,  applied  to  the  lecfes  of  fdantsy  ia  essentui 
to  vegetation. 

4.  The  direct  contrary  takes  place  in  the  ahade.    Planta 
not  only  oontinae  to  vegetate  when  deprived  of  all  carbonic 
add  by  means  of  lime ;  but  they  flouririi  more  than  if  it 
were  allowed  to  remain.t 
Emit  6.  Dr.  Priestley,  to  whom  we  are  indebted  for  many  oi 

osyscn  gif.  ^  ^^^^  important  fanc^  relative  to  vegetaticm,  observed, 
in  the  year  1778,  that  plants,  in  certain  circiunstancesy 
emitted  oxygen  gas;^  and  Ingenhooss  veiy  soon  after  dis- 
covered that  this  gas  is  emitted  by  the  leaves  of  plants,  and 
only  when  they  are  exposed  to  the  bright  light  of  day. 
His  method  was  to  plunge  the  leaves  of  diferent  plants 
into  vessds  full  of  water,  and  then  expose  them  to  the  sun, 
as  Bonnet^  who  had  observed  the  same  phenomenon,  though 
be  had  given  a  wrong  explanation  of  it,  had  done  before 
him.  Bubbles  of  oxygen  gas  very  soon  detached  them* 
selves  from  the  leaves,  and  were  collected  in  an  inverted 
glass  vessel.^  He  observed,  too,  that  it  was  not  a  maXter 
of  indifierence  what  kind  of  water  was  used.  If  the  water, 
for  instance,  had  been  previously  boiled,  little  or  no 
oxygen  gas  escaped  from  the  leaves ;  river  water  afforded 
but  little  gas ;  but  pump-water  was  the  most  productive  of 
all.  II 
By  deeora-       Sennebier  proved,  that  if  the  water  be  previously  de- 

bwikfacid'  P'^^^^l  ^f  *''  i^  ttir  by  boiling,  the  leaves  do  not  emit  a 
particle  of  air ;  that  those  kinds  of  water  which  yield  most 
air  contain  in  them  the  greatest  quantity  of  carbonic  acid 
gas ;  that  leaves  do  not  yield  any  oxygen  when  plunged  in 
water  totally  destitute  of  carbonic  acid  gas ;  that  they  emit 
it  abundantly  when  the  water,  rendered  unproductive  by 
boiling,  is  impregnated  with  carbonic  acid  gas;  that  the 
quantity  of  oxygen  emitted,  and  even  its  purity,  is  pro- 
portional to  the  quantity  of  carbonic  acid  gas  which  the 
water  contains ;  that  water  impregnated  with  carbonic  acid 

•  Braconnot  has  rendered  it  probable,  that  in  this  experiment  it  was 
iK)t  the  absence  of  carbonic  acid,  but  the  deleterious  effects  of  the 
lime  that  killed  the  plants  in  Saussure's  experiments.  Ann.  de  Chim. 
1*^*  ^^^-  +  Saussure,  llecherches,  p.  36. 

t  On  Air,  iii.  284.  §  Ingenhoubz  on  Vegeui.  15,  &c. 

II  Ingeuhousz  on  Veget.  i.  15,  33. 
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gas  gradually  loses  the  property  of  affording  oxygen  gas  chip.  lit. 
with  leaves ;  and  that  whenever  this  happens,  all  the  car-^  v«»yM«^ 
bcHiic  acid  gas  has  disappeared;  and  on  adding  more 
carbcHiic  add  gas  the  property  is  renewed.*  Hiese  expo* 
liments  prov^  in  a  most  satisfiurtory  manner,  that  th# 
oxygen  gas  which  the  leaves  of  plants  emit  depends  upon 
the  presence  of  carbonic  acid  gas ;  that  the  leaves  absorb 
c^arbonic.acid  gas,  decompose  it,  give  out  the  oxygen,  aood 
retain  the  carbon.  They  have  been  lately  confirmed  by 
the  experiments  of  Dr.  Woodhouse.  To  this  gentleman 
likewise  we  are  indebted  for  a  very  fiill  set  of  experiments 
on  the  quantity  of  gas  produced  by  exposing  different  plants 
iu  water  to  sunshine  for  given  times.^ 

6.  Sennebier  has  ascertained,  that  the  decomposition  of  The  decom- 
the  carbonic  acid  takes  place  in  the  parenchyma.    He  found  ^lomed 
that  the  epidermis  of  a  leaf  would,  whai  separated,  give  oy  the  pa- 
out  no  air,  neither  would  the  nerves  in  the  same  circunn  '^'"^y"*** 
stances;  but  upon  ttying  the  parenchyma,  thus  separated 
from  its  epidermis  and  part  of  its  nerves,  it  continued  to 

give  out  oxygen  as  before,  t 

Xhat  the  decomposition  is  performed  by  peculiar  organs, 
is  evident  from  an  experiment  of  Ingenhousz.  Leaves  cut 
into  small  pieces  continued  to  give  out  oxygen  as  be£bre ; 
but  leaves  pounded  in  a  mortar  lost  the  property  entirely. 
In  the  first  state,  the  peculiar  structure  remained ;  in  the 
other,  it  was  destroyed.  Certain  experiments  of  Count 
Bumford,  indeed,  may  seem  incompatible  with  this  con* 
dusion ;  and  they  will  naturally  occur  to  the  reader  as  as 
olgection.  He  found  that  dried  leaves  of  black  poplar,  fibres 
of  raw  silk,  and  even  glass,  when  plunged  into  water,  gave 
out  oxygen  gas  by  the  light  of  the  sun ;  but  when  Senne- 
bier repeated  these  experiments,  they  did  not  succeed.  § 
It  was  probably  the  ail:  contained  in  the  water  which  sepa- 
rated in  the  Count's  experiments.  |{ 

•  Encyc.  Method.  Physiol.  Veget.  181. 

f  See  Nicholson's  Joar.  ii.  154,  and  Ann.  de  Chim.  xlii.  200. 

I  Encyc.  Method.  Physiol.  Veget.  180.  ^  Ann.  de  Chim.  i.  115. 

H  Dr.  Woodhouse  tried  the  experiments  with  filaments  of  asbestui,  ' 
baked  horse-hair,  cottony  pannides  of  rhns  cotinus,  cotton  of  asdepns* 
•jiMMX,  hairy  plumes  of  olematis  crispa,  spikes  of  panicnm  ghuxnai^ 
charcoal  powder ;  each  of  these,  he  affirms,  yielded  in  water  a  little 
oxygen  gis;  hut  less  pure  than  the  leaves  of  plants.  Nicholson's  Jour. 
iL  158. 


f 
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Bocdc  IV.       7.  IVom  the  expcrimentd  of  SaiuearCf  we  learn  tbat  the 
"^■v  '^  qusntity  of  carbonic  acid  thus  absorbed  and  decomposed 
9**2^";"  varies  greatly  in  dificrent  plants,  c?ai  when  placed  in  the 
edYiriciin  same  circumstances.     The  lythrum  salicaria  was  found  to 
^■^^     absorb  seven  or  eight  times  its  bulk  of  this  gas  in  a  day ; 
while  the  cactus  ofnaitia^  and  other  fleshyJcaved  plants,  did 
not  absorb  above  a  fifth  of  that  quantity.    The  portion  ab- 
sorbed, according  to  Saussure,  depends  upon  the  surface  of 
the  plant;  and  therefore  thin  leaved  plants  must  absorb 
mcnre  than  those  that  have  fleshy  leaves.* 
The  whole      8.  It  does  not  appear  that  the  whole  of  the  oxygen  con- 
^^^TSj^l^  tained  in  the  carbonic  acid  absorbed  is  emitted  again  by  the 
plant.    A  considerable  portion  of  it  seems  to  be  retained. 
This,  at  least,  is  the  result  which  follows  from  a  set  of  expe- 
riments made  by  Saussure  on  purpose  to  ascertain  the 
point.     He  mix^  carbonic  acid  with  common  air,  in  such 
a  proportion  that  it  occupied  74-  hundredths  of  the  mass. 
Jars,  standing  over  mercury  (covered  with  a  thin  film  of 
water),  were  filled  with  this  mixture;  andjrfants  of  vhtca 
minory  growing  in  a  small  vessel  filled  with  water,  were  in- 
troduced into  the  jar.    These  plants,  thus  placed,  were-ex- 
posed  for  six  successive  days  to  the  sun,  fitmi  five  in  the 
morning  to  eleven,  while  the  temperature  of  the  air  was 
70** ;  during  all  which  time  tliey  vegetated  with  great  vi- 
gour.    The  bulk  of  the  air  in  the  jar  was  not  sensibly  al- 
tered.   No  carbonic  acid  could  be  detected  in  it.    The  pro- 
portion of  oxygen  was  24  i-  per  cent.     The  following  table 
exhibits  the  proportion  of  the  constituents  of  this  air,  in 
French  cubic  inches,  when  put  into  the  jar,  and  after  the 
plants  had  vegetated  in  it  six  days.f 

When  put  in.  When  taken  ouL 

Azote 211-92   218-95 

Oxygen 56-33    71-05 

Carbonic  acid . .     21*75    0*00 


29000 .  290-00 


Some  t2ote     Thus  the  whole  21*75  inches  of  carbonic  acid  were  ab- 

emitted,      sorbed;   but  the  oxygen  emitted  was  only    14*72  inches, 

whereas  the  whole  oxygen  in  the  carbonic  acid  would  have 

♦  Recherches  Chimiqucs,  p.  56,  f  "Ond,  p.  40. 
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unted  to  Sl-75  indief.    The  difEerence,  amounting  to  Chip.  III. 
tt  aevea  inches,  wu  made  np  by  a  qusnUty  of  ozote^  ^~v^ 
Hi  had  been  given  out  by  the  plants  along  with  the 
{en.    The  following  table  exhibits  the  result  of  similar 
ffiments,  made  by  this  philosopher,  on  other  plants. 
the  nambers  denote  cubic  inches. 
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,  ThuE  it  appears  that  plants,  when  exposed  to  the  light, 
»rb  carbonic  acid,  decompose  it,  and  throw  out  again 
greatest  part  of  tlie  oxygen  of  this  gas  mixed  (it  would 
a)  with  a  little  azote.*     It  is  extremely  probable  that 

I jMMina  tbat  Sawauro  afceruioed  nerelf  that  tha  osnr  jxirtian 
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Book  IV.  plants^  by  this  proceas,  acquire  the  greatot  part  of  the  car- 
^  '  V"  ^  boBaoeouB  matter  which  they  contain;  for  if  we  compare  the 
quantity  of  carbon  contained  in  jdanti  Tepj^etatiBg  in  the 
darl^  where  this  process  does  not  gi^  od»  with  the  quantity 
which  those  plants  contain  which  vegetate  in  the  usual  man- 
ner, we  shall  perceive  a  very  conspicuous  deference.  Chaptal 
found  that  a  byssus,  which  was  vegetating  in  the  dark,  con- 
tained only  -g^th  of  its  weight  of  carbonaceous  matter ;  but 
the  same  plant,  after  being  made  to  vegetate  in  the  light  for 
SO  days,  contained  -^ih  of  its  wdght  of  carbonaceous  mat- 
ten*  Hasscnfratz  ascertained  that  plants  growing  in  the 
dark  contain  much  more  water,  and  much  less  carbon  and 
hydrogen,  than  plants  growing  in  the  li^t,  Sennebier 
analysed  both  with  the  same  residt.  Plants  growing  in  the 
dark  yielded  less  hydrogen  gas  and  oil :  thdr  resinous  mat- 
ter was  to  that  of  plants  growing  in  the  light  as  2  to  5% 
and  their  moisture  as  13  to  6;  they  contained  even  one- 
half  less  of  fixed  matters. 

The  quantity  of  carbonic  acid  thus  absorbed  is  consider- 
able.    In  Saussure's  experiments,  the  plants  absorbed  daily 
more  than  their  own  bulk  of  this  gas :  But  when  they  grow 
in  the  open  air,  where  the  quantity  of  carbonic  acid  is 
much  less  considerable,  not  exceeding  -j^th  part,  the  pro- 
portion absorbed  is  no  doubt  less. 
Plants  emit      10.  Ingenhousz  found  that  plants  emit  no  oxygen  when 
STthVluk.  ^^^  ^^  vegetate  in  the  dark,  and  that  in  these  circum- 
stances they  rather  injure  air  than  improve  it.     Now,  as 
the  emission  of  oxygen  has  been  found  to  depend  upon  the 
absorption  of  carbonic  acid,  it  is  probable  that  this  acid  is 
absorbed  only  in  the  lighu     Saussure  indeed  has  «idea- 
voured  to  prove,  that  plants,  even  in  the  dark,  absorb  and 
decompose  carbonic  acid ;  but  the  quantity,  if  any,  must 
be  so  extremely  small,  that  it  cannot  well  be  appreciated. 
Orecn  co-       HI-  The  green  colour  of  plants  has  been  shown,  by  Sen- 
IkUU^     nebier,  to  depend  upon  the  absorption  of  carbonic  acid.    It 

of  gas,  to  which  he  has  given  the  name  of  azote,  did  not  diminish  with 
oxygen,  and  did  not  render  lime-water  turbid.  Many  otbl^  gues  pos- 
sess these  properties.  It  might  hare  been  some  inflammabie  ^s.  H3^ 
dn^en  would  have  detonated;  but  some  of  the  compound  inftanana))!* 
fases  would  not,  when  diluted  so  largely  with  common  air. 
*  Mem.  Par.  I786. 
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appears  onlyw}ieD  pbiits  vegc|^(§  iqi  tli^Ljght:  for  ^i^hcyi  Chap.  Ii|. 
th^y  vegetate  ii)  the  dark  tbey  lure  white ;  ^fidVbep  e^i^ppse^ 
to  the  l^t  they  aisquire  a  green  P^lwf  in  a  very  ifopit  tim^ 
in  whatsoever  situation  they  are  p}»ppdf  esyea  thpugh  plqng^ 
in  water,  provided  always  that  oxygen  |^  present ;  fpr  j^r. 
Gough  h^B  shown,  that  light  witbput  oxygen  \m  no^  the 
power  of  producing  the  green  colppr*^ 

SenneUer  ha§  observed,  that  whj^n  plants  are  made  to 
v^tate  in  the  dark,  their  eliolalloa  is  mnch  diminished 
by  mixing  a  little  hydrogen  gfis  with  the  ^r  that  surroupds 
thenut  lagenhousz  had  already  reniarked,  that  wh^Q  t^ 
little  hydrogen  gas  is  added  to  the  air  in  whiph  plants  vege- 
tate, even  in  the  light,  it  renders  their  verdure  dpeper :  j: 
and  he  seems  to  think  also,  that  be  b^s  proved  by  experi* 
ments,  that  plants  absorb  hydrogen  gas  in  th^e  circum- 
stances. §  Mr.  Hunf ix>idt  has  ob^^rfned  that  the  poa  annua 
and  compressaj  plantago  lancetdata^  ItjfoUitfn  grvense^  cf^rqn" 
thus  ckeirh  lichen  vertkUlatus^  and  several  oi\i€X  plmla 
which  grow  in  the  galleries  of  imne^  retain  their  gree|i 
colour  even  \n  the  dark,  and  liirt  in  these  case?  the  air' 
around  them  contains  a  quantity  of  {lydrogep  gas.  This 
philosopher  concludes^  from  h^  observations,  th^t  the 
white  colour  of  etiolated  plants  is  occasioned  by  their,  re- 
taining an  unusual  proportion  of  c^ygen,  and  that  this  is 
prevented  by  surrounding  the^n  with  hydrogen  gas.  Jhis 
may  perhaps  be  true  in  certain  cases ;  bi^t  the  ej^perim^nts 
of  Mr,  Gough,  mentioned  above,  are  sufficient  to  prove 
that  the  retention  c^  oxygen  is  not  ihfi  oxj^y  dii&T^oe  bsk- 
tween  green  and  etiolated  plants.  || 

The  green  colouring  matter  of  plants  \iB&  t^n  sho^PUnts  sup- 
by  Rouelie  to  be  of  a  resinous  nstaire.    From  this,  9^^^'^^^' 
from  the  circifmstance  of  its  being  formed  only  in  the  lights  water. 
BerthoUet  has  inferred  that  the  leaves  of  plants  have  t^e 
property  of  decomposing  winter  as  well  as  carbonic  aci^ 
when  reposed  to  the  light  of  the  sun.    The  oxygen  emit* 
ted,  according  to  hin^,  is  derived  p^ly  fro^  the  .d.ecpm.- 
pesed  carh^c  acid  and  partly  from  the  waiter;  while  the 

*  Maa.  Mem.  iv.  601.  f  Encyc.  Met)i.  Physiol.  Veget.  75. 

I  Ann.  de  Chim.  iii.  67.  S   Ibid.  61. 

II  Plants  of  a  white  colour,  from  vegetating  in  the  dark,  are  called 
etialaMf  iton^  S  FrfOfh  ^ord  which  siguiiiefl  a  Uar,  pi  if  ih^f  mw  by 
jtar  light. 

VOX.  IV.  Q  A 
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Book  IV.  carbon  and  hydrogen  enter  into  the  composition  of  the 
^^"^^^k^"^  inflammable  parts  of  the  plant    This  ingenious  theoxy* 
thodgfa  sufficiently  probable,  is  not  susceptible  of  direct 
proo£    Ftom  the  experiments  of  Saussure^  we  learn  that 
when  plants  are  made  to  vegetate  in  pure  water,  in  atmos- 
pheres destitute  of  carbonic  add  gas,  the  quantity  of  their 
fixed  matter  does  not  increase;  but  when  their  atmoq>heres 
contain  this  add  gas,  the  increase  of  weight  which  they 
recdve  is  considenUy  greater  than  can  be  accounted  for 
by  the  carbon  and  oiygen  derived  fiom  the  carbonic  acid 
absorbed.*    Hence  it  is  dear,  that  a  portion  of  the  water 
must  enter  into  their  composition.    It  is  more  likely  that 
the  dements  of  this  portion  arrange  themsdves  in  a  differ- 
ent way,  than  that  they  still  oontinne  in  the  state  of  water. 
These  &cts  certdnly  strengthen  the  hypothesis  of  Berthd- 
let     Indeed,  if  we  consider  the  great  quantity  of  hydrogen 
contained  in  plants,  it  is  difficult  to  ooncdve  how  they 
should  obtain  it,  provided  the  water  which  they  absorb 
does  not  contribute  to  fiunish  it 
nMttab-       IV.  Plants  will  not  vqgetate  unless  atmoqiheiic  air  or 
gen,  ^'^'    oxygen  gas  have  access  to  their  leaves.    His  was  rendered 
probable  by  those  philosophers  wIkh  about  the  end  of  the 
17th  century,  turned  their  attention  particularly  towards 
the  phy:«icnl  proponles  of  the  air;  but  Dr.  Ingenhousz  was 
perhaps  the  first  of  the  modcni  chemists  who  put  it  beyond 
doubt.     He  found  that  carbonic  acid  gas,  azotic,  and  hy- 
drogen gas,  destroyed  plants  altogether,  unless  they  were 
mixed  with  atmospheric  air  or  oxygen  gas.    He  found  also, 
that  plants  grew  verj*  well  in  oxygen  gas  and  in  atmospheric 
air.+     From  these  experiments,  it  was  pretty  dear  that  the 
leaves  of  plants  absorb  oxygen ;  and  the  whole  series  of 
chemical  experiments  on  plants  led  to  the  supposition  that 
this  absorption  was  confined  to  the  ni^rht.     The  subiect  has 
lately  been  very  fully  investigatetl  by  Sanssure,  who  has 
not  only  confirmed  these  suppositions  by  decisive  experi- 
ments, but  added  many  new  tacts  not  previously  suqpected.} 
1.  Tiie  greater  number  of  plants  refuse  to  vegetate  when 
confineil  in  azotic  gas.     Those  only  continue  to  live  which 
are  abundantly  supplied  wiih  green  parts,   as  the  cactus 

Reclierche*,  p.  J 17.  *  IrfcahouM,  ii.  pusxn. 
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opurUiOf  8tc.     When  plants  continue  to  vegetate  in  azote,  Cbap.  Ili 
it  is  because  they  give  out  a  portion  of  oxygen  during  th^ 
day ;  the  absorption  of  which  during  the  night  preserves 
them.* 

3.  When  the  leaves  of  plants  are  put  in  contact  With 
common  air  during  the  night,  they  diminish  the  bulk  of 
their  atmosphere  by  absorbing  oxygen.  Some  plants 
change,  at  the  same  time,  a  portion  of  the  oxygen  into 
carbonic  acid,  while  others  form  no  perceptible  quantity  of 
this  last  gas.  The  leaves,  for  example,  of  the  cactus  opun- 
ttOy  crassula  cotyledon^  sempervivum  tectorum^  agave  Amerl' 
canoy  and  stapelia  variegatOy  simply  absorb  oxygen ;  while 
the  leaves  of  the  quercus  tohur^  sedum  reftexumj  eesculus 
kyppocastammiy  and  rcbima  psevdo-acajda^  absorb  oxygen^ 
and  form  a  portion  of  carbonic  acid,  inferior  in  quanti^  to 
the  oxygen  which  has  disappeared,  f 

S.  This  inspiration  of  oxygen  takes  place  only  when  the 
leaves  retain  their  organized  form.  If  this  be  destroyed^ 
by  reducing  them  to  a. paste  for  example,  all  absorption  of 
oxygen  is  prevented,  though  a  portion  of  it  is  even  theii 
converted  into  carbonic  acid  by  the  action  of  the  carbona- 
ceous matter  present.  % 

4.  The  oxygen  thus  inspired  by  the  leaves  of  plants,  is 
not  separated  from  them  again  by  putting  them  into  the 
exhausted  receiver  of  the  air  pump.  By  that  means,  in- 
deed, they  yield  a  little  air,  but  always  much  less  than  the 
oxygen  absorbed ;  and  this  air  is  precisely  of  the  same  na- 
ture with  the  atmosphere  in  which  they  were  confined^ 
Neither  is  the  oxygen  extricated  by  exposing  the  leaves  to 
the  greatest  heat  which  they  are  capable  of  bearing  without 
being  destroyed.  § 

5.  There  is  reason  to  believe  that  the  oxygen  gas  thus  And  con- 
absorbed  by  plants  is  converted  into  carbonic  acid  within  ^b^nlc^ 
die  plant,  and  that  it  is  only  after  the  plant  is  saturated  with  acid. 
Alia  acid  (if  the  expression  may  be  permitted),  that  the 
forrounding  oxygen  is  partly  converted  into  carbonic  acid, 

by  combiniDg  with  the  carbonaceous  matter  of  the  plant. 
When  the  leaves  are  exposed  to  the  light,  this  carbonic 

•  Recberches,  p.  197:  f  Saussure,  ibid.  p.  61. 

^  SaasmrVy  ibid.  p.  74.  S  R^chercbes,  p.  69. 

2  a2 


356  TSOETATIOIfc 

Book  IV.  acid  if  decomposed)  $nd  »  quanti^  of  oig^gen  tbiown  oat^ 
usually  greater  than  what  was  inspureiL  But  the  ox>'gen 
given  out  in  the  light  (whan  planu  grgw  io  almotpberea 
destitute  of  carbonic  acid)  is  always  proportional  to  tbo 
QKygen  inspired  during  the  night;  b«0|g  ahr^a  greatest 
when  the  plant  has  absorbed  the  greatet  quaiiti^  oC 
oxygen. 
in  6.  Plants  difibr  very  n)uch  from  each  other  in  the  qnan** 
tIS  ijSwb-  ^^y  ^  oxygen  whi(sh  their  leaves  ahiorb  during  the  fiigb^ 
c£  Fleshy-leaved  pUnts  absorb  the  leait  mygm ;  prpbaUy  be* 

cause  they  emit  no  carbonio  aod  gaa*  Henoa  they  can 
vegetate  in  high  situations  where  iib$  almofpk^e  is  varefied. 
Next  in  order  come  the  ev«<gr6«|i  Hees,  which,  though 
they  absorb  more  oxygen  than  the  fleshy^leavad  pbnts,  yel 
require  much  less  thim  those  treca  which  loae  their  leaves 
during  winter.  Those  plants  whkh  Bouroh  lis  marshy 
ground  likewise  absord  but  little  oxygen.  The  fiiUowing 
tables  exhibit  the  result  of  Sauasuie's  expcrimnrts  on  this 
point.  The  first  column  contains  the  names  of  Ae  plants 
whose  leaves  were  employed;  the  second  the  month  in 
which  the  experiments  were  made ;  and  the  third  the  bulk 
of  oxygen  absorbed,  supposing  the  bplk  of  the  leaves  used 
ill  each  experiment  to  be  always  1*00.* 


TVbks  of  I.  Leaves  of  Evergreen  Trees. 

thepropor-  ^9 

tioaabioib-  ^ 

ed. 


Leaves  of  Time.  sbiMcd. 

lUex  aquifolium Septemb^    0*96 

Buxiis  semper  virens  .  •  September 1*46 

Prunus  laurocerasus  .  •  May 5*80 

Ditto September VS6 

Viburnum  tinus September MS 

Hedera  helix September 1 

Vinca  minor June 1*5 

Ditto September W^% 

Finns  abies September 8 

Beupleurum  frutioosum  May • « •  4 

Juniperus  sabina June ,  •-.  M 

Juniperus  communis  • .  June 9r^ 

*  Recberchs^  p.  09. 
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lit  Lmves  of  Trees  which  lose  their  Leaves  in  Wmter. 

Oxyiou 
Leavet  of  Time.  rtMmd. 

Fagos  sylvatica .  ••••••  August 8 

Gupinus  betulua .  •  •  •  •  May • •  5 

Ditto • September  •  ••••»•  6 

Qoercus  robur  •  ».«•••  May •  • . .  5*5 

Ditto • September*  ••••••  5*5 

.Ssculus  hypocastanus  .  September 4*8 

Populus  alba May • 6*2 

Ditto September  •  . . .  •  ^ .  4*36 

Plrunus  Armeniaea  •  •  •  •  September  *..«...  8 

Amygdalus  Pemica  •  .  •  June •  •  • «  fi'6 

Ditto i September  •••.••.  4*2 

Jiiglans  regia  <  •  •  ^ . » • .  May)  ..•••••••»••  6*6 

Ditto : .  •  •  Sef^ber 4*4 

PJatanus  occideiitalis  •  •  September  ..»«••  4  8 
Robinia  pseudo-acacia    May  •••.••••••••  5 

Ditto September 6*7 

Syringa  vulgaris  ••»•••  May •  •  3*86 

IKtto September.  • 2*2 

Fraadnus  excelsior  • .  • .  May 4*32 

Ditto September 3*71 

Pyrtts May 5*2 

Ditto September 3^ 

Rosa  centifolia June 5*4 

Fagus  castanea   July  •  •  • « 5*6 

III.  Leaves  of  Herbaceous  PlaniSp  not  Aquatic* 

Oxygea 
Leaves  of  Time.  absorbed. 

jSolanum  tuberosum. « •  September  .•••*..  2*5 

Brasica  oleracea DittxS  young  leaves  2*4 

Ditto • Sept  old  leaves.  • .  2 

Urticaurens.  *»•••.».  September .,.  ..*.  2 
Mercurialis  annua  •  •  •  •  Sept  in  6ower  •  • « .  2*88 
Dauciiscarota....*.  «•  September,  ditto  . .  1*9 
Vicia  iaba  •  ..;»..•»..  Before  flowering  • .  8*7 

Ditto * »  In  flower 2 

Dtttx> Aflor  ditto 1*6 

lililun  iCandidum.  » . .  •  Mliy»  in  flower. . .  •  0*66 
Ditto *««.i.»»  Sept  after  ditto .. .  0*5 
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VEGETATIOll. 

Oxygen 

Leaves  of  Time.  absorbed. 

Tropseolum  majus  ....  Sept.  in  flower  •  •  • .  3 

Digitalis  ambigua .  •  •  • .  July 2 

Brassica  rapa Sept  in  flower ....  1*25 

Avena  sativa June,  before  ditto  .  2*7 

Triticum  aestivum  ....  May,  before  ditto  .  Si) 

Pisum  sativum May,  in  flower .  •  •  •  5*72 

Ruta  graveolens  ......  August 2 

IV.  Leaves  qf  Aquatic  Phnis. 

Oxygen 
Leaves  of  Time.  abtomd. 

Alisma  plantago August 0*7 

Inula  dysenterica September 1*6 

Epilobium  molle ......  Sept.  in  flower  •  •  •  •  1*9 

Sisymbrium  nasturtium  September 1*6 

Polygonum  Persicaria  .  Sept.  in  flower . . « .  2 

Veronica  beccabunga .  •  September 1*7 

Ranunculus  rq>tans  . .  •  September 1*5 

Lythrum  salicaria May,  before  flower  2*5 

Caltha  palustris May 1 

Carex  acuta May 2*25 

V.  Leaves  of  the  Fleshy  Plants. 

Ozynni 

Leaves  of  Time.  absorbed. 

Cactus  opuntia August 1 

Agave  Americana  ....  August 0*8 

Sempervivum  tectorum  July*..., 1 

Sedum  globosum S^tember 1*5 

Saxifraga  cotyledon .  . .  September 0*6 

^dum  reflexum June 1*7 

Stapelia  variegata July 0*63 

Mesembryanthemum  ?    j,  .^ 

deltoides 3  

Heat  may  7.  It  is  not  improbable,  that  by  the  absorption  of  oxyg^ 
be  evolved,  and  the  formation  of  carbonic  acid,  a  portion  of  heat  may 
be  evolved,  as  Saussure  supposes;  though  the  quantity 
must  be  too  small  to  be  appreciated.  It  appears  that  in 
certain  cases  a  very  considerable  degree  of  heat  is  produced 
by  vegetables ;  though  it  has  not  yet  been  ascertained  whe- 
ther the  appearance  of  it  is  connected  with  the  absorption 
of  oxygen.   A  very  extraordinary  instance  of  this  is  related 
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by  Boiy  de'St.  Vincent  on  the  authority  of  Hubert     The  Chi|i.ii 
stamina  of  the  arum  cardifolium^  at  the  moment  of  bunting,  ^""V^ 
produced  so  great  a  heat,  that  twelve  of  them  placed  round 
the  bulb  of  a  thermometer  raised  it  from  79°  to  143®.    The 
experiment  was  repeated  a  great  number  of  times  with 
similar  results.* 

8.  It  appears,  from  the  e3q>eriments  of  Saussure,  that  Roots  ab- 
the  roots  absorb  oxygen  as  well  as  the  leaves,  and  that  they  •o'*><«y- 
transmit  the  carbonic  acid  formed  to  the  leaves  to  be  de^ 
composed.     The  branches  likewise  absorb  it.     Flowers  do 
not  expand  without  its  presence. 

Thus  it  appears  that  during  the  night  plants  absorb  oxy*» 
gen;  that  they  form  with  it  carbonic  acid;  that  a  portion 
of  this  gas  is  sometimes  emitted,  t(^ether  with  a  little  azote ; 
but  that  the  greatest  part  is  retained  and  decomposed  by 
the  leaves  during  the  day.  Plants  will  not  live  without 
this  nightly  inspiration,  even  though  supplied  with  carbo- 
nic acid,  provided  the  oxygen  formed  by  them  during  the 
day  be  constantly  withdrawn  at  the  approach  of  night. 

V.  The  leaves  of  plants  absorb  water  as  well  as  oxygen  Leaves  ab- 
from  the  air.  This  had  been  suspected  in  all  ages :  the  *®'^  '^^'^ 
great  effect  which  dew,  slight  showers,  and  even  wetting 
the  leaves  of  plants,  have  in  recruiting  their  strength,  and 
making  them  v^etate  with  vigour,  are  so  many  proofs  that 
the  leaves  imbide  moisture  from  the  atmosphere.  Hales 
rendered  this  still  more  probable^  by  observing  that  plants 
increase  considerably  in  weight  when  the  atmosphere  is 
moist;  and  Mr.  Bonnet  put  the  matter  beyond  doubt  in  his 
Researches  concerning  the  Use  of  the  Leaves.  He  showed 
that  leaves  continue  to  live  for  weeks  when  one  of  their 
8ur&ces  is  applied  to  water;  and  that  they  not  only  vege- 
tate themselves,  but  even  imbibe  enough  of  water  to  sup- 
port the  v^^tation  of  a  whole  branch,  and  the  leaves  be- 
longing to  it  He  discovered  also,  that  the  two  surfaces  of 
leaves  differ  very  considerably  in  their  power  of  imbibing 
moisture ;  that  in  trees  and  shrubs  the  under  surface  pos- 
sesses almost  the  whole  of  the  property,  while  the  coa^ 
trary  holds  ia  many  of  the  other  plants;  the  kidney  bean 
for  instance. 

These  fiicts  prove  not  only  that  the  leaves  of  plants  havft 

^  Joar.  de  Pbys.  lii.  28)« 


95()  VEOEtATtOir. 

Book  IV.  the  power  of  absotbihg  tllditure,  bat  ihi6  tbrt  ^d  AbMip^ 
^  ticm  i»  peifornied  by  wety  diflfereilt  dtfiils  fr6m  ^6ie  which 
dhit  moisture ;  for  these  OfgMift  lie  db  dtftreHt  iMM  Of  th^ 
leaf;  If  we  consider  that  it  is  only  dvfi^  th«  tai^t  that 
the  leiiVes  of  plants  are  nioistto^  wifli  dW,  We  cati  scatixly 
avoid  concluding,  that,  except  in  particular  cades,  It  is 
during  the  tlight  that  platits  iihUte  dkttdit  ftll  thd  Inmstare 
which  they  do  imbibe. 

Thus  ire  hAvis  seen  that  the  lea?el  otfiMU  peribtln  t^ 
different  operations  at  different  tiill»    Dwtihg  the  d«y  they 
are  giving  out  moisture,  absdrUag  cftrbonte  bAxA  gttk)  and 
emittitig  oxyg«i  gas;  duritig  thd  ttil^t^  <MI  thl^  tetltrary, 
they  are  absorbing  ttooistiire^  P^^^  ^^  eafbciiut  Hcid  gas, 
tod  absorbing  oxygen  gas. 
Sap  con-        By  these  processes,  and  perhapt  alsb  by  oAeri  Mfhk^ 
na^ii^^^  have  not  yet  beeii  detected,  the  sap  of  plailtii  h  ne#  tnodell* 
joicet  by    ed,  Ahd  brought  to  the  stal^  which  is  tate|Md  fer  the  lidtt^ 
^^^  rishraent  of  the  plant    Tb  describe  in  #h«t  fbihnet  these 
changed  take  place  is  impossible! ;  beMtaft  Ire  IfefUier  knoW 
pi^isely  the  substance  into  which  the  sdp  h«l  biS^  coh- 
^Kcd  by  the  opcmtiotis  prrfohUcd  dtiritig  the  day,  ttor  \h^ 
nbW  silbstancc^  formed  by  the  operadoite  df  &e  tiig^t. 
We  ha^e  fe^lson,  howtver^,  to  conclude^  ilUit  duribg  th6 
day  the  cak-bort  of  the  sap  is  increbs^,  and  that  duTii^  the 
liight  the  hydrogen  dnd  bxygeti  are  increii^;  but  the 
pt'ecise  ne^-  substanctrs  formed  arc  uhhhoWti  tb  us.    Ncrt* 
let  any  one  suppose  that  the  iAcfeiUe  of  the  hydirt)gen  and 
of  the  oxygen  of  the  sap  is  tlie  stniic  thih<^  d^  the  lidditiofi 
of  a  quatitity  of  wateh     lii  Watc^t*,  okygetl  Md  hydi'ogen 
fire  already  combined  tc^j^hek'  ih  a  certiiih  pt^oporti Dd  |  Had 
this  cohibination  must  be  broken  befbt-e  theW  eltoiehtaly 
bodies  cah  enter  into  tliose  trtpte  coitipounds  Wtth  f&attott) 
of  which  a  great  pdrt  df  the  regctaUo  pnrfiiets  cotisist 
We  have  not  the  smallest  conception  Of  the  tnMtl^  ill 
whicli  these  triple  combinations  tte  foHned>  kttd  In  little  d 
the  manner  in  which  the  bodied  Which  (HnnpMe  Vi^gelable 
sub^tatices  are  bombiii^  together,    llie  cotnbbHitidb  lAay, 
for  any  thing  we  know  to  the  contrary,  be  Ve#y  ttJmpli- 
catod :  though  it  consists  wholly  of  three  ingredients ;  aha 
atlslogy  leads  us  to  suppose  that  it  actually  is  very  compli- 
cated :  for  in  chemistry  it  may  be  considered  as  a  trutli,  to 
which  at  present  few  ox  po  exceptions  are  known,  that 
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bodies  AM  ifeObmposed  With  ft  fkeillty  inv^rtely  fls  th6  «im«  dMp.iit 
pliciljr  of  ^ei)*  coinpo»iticm ;   that  is  to  sfty,  that  those 
bodied  which  txmiM  of  th6  fewest  higt^ients  Ikire  most  dit 
flctdtly  decotniM^,  attd  thftt  those  which  ate  Ibilned  of 
flatly  Itigredients  ai'e  decomposed  with  the  greatest  iacility. 
Neither  1^  aliy  one  Suppose  that  the  absoif^tioA  of  car« 
bbtlie  ACid  gSM  during  the  day  is  balanced  by  the  qoatidty 
emitted  during  the  night ;  aild  that  therefore  there  is  tio 
itiCredse  of  carbon:   for  IngenhoOsz  atid  Saussnre  have 
Showh  that  the  qtiantitf  of  okygeti  gas  emitted  during  the 
day  is  inndi  grettter  thati  the  Carbonic  acid  gds  emitted 
during  the  night;  and  that  in  favourable  circumstances,  the 
quantity  of  oxygen  gas  in  the  air  surrounding  plants  is  in- 
creased, and  the  carbonic  acid  gas  ^Umitilshed ;  sO  itiudl 
8o^  that  both  Dr.  Priestly  Atid  Dr.  Ingenhousz  found,  that 
air  which  had  been  ^N>iled  by  a  lifted  candle^  or  by 
animals,  was  i^dered  As  good  As  ev^  by  plants.    Now  we 
know  that  combustion  and  respiitttion  diminish  the  oxygen 
gas,  and  add  carbonic  acid  gas  t6  air;  therefore  vege« 
tution,  Which  restoi'es  the  purity  of  ait  alteit!d  by  these 
processes,  must  increase  the  oxygen,  atad  diminish  the  eaf- 
bonic  acid  mn  of  that  air ;  cons^etitly  the  quantity  of 
airbbtiic  Atiu  gas  absorbed  by  plants  duAiig  the  day  is 
ghmtcr  than  the  quantity  cmitt^  by  them  during  the  Aight ) 
and  6f  tonvsQ  the  cairbon  of  the  Sap  is  increased  in  the 
leaves. 

It  is  true,  that  when  plants  are  made  to  vegetate  for  a 
number  of  days  in  a  given  quantity  of  air,  its  ingredients 
^re  not  found  to  be  altered.  Thus  Hassenfratz  ascertained 
that  the  air,  in  which  young  chesnuts  v^tate  for  a  num- 
ber of  days  together,  wAfc  ilbt  iritered  in  its  properties, 
whether  the  chesnuts  were  vegetating  in  water  or  in  earth;* 
and  Saussure,  junior,  pfolr^  thut  pMi  gi'oWiUg  for  ten  days 
in  water  did  not  alter  the  surrounding  air.f  But  this  is 
l^f^tisely  what  ought  to  be  the  case,  and  what  must  take 
place,  provided  the  cbUcliisiohs  which  t  have  drawn  bci 
just.  For  if  plants  only  emit  oxygen  gas  by  absorbing  and 
decothposing  cai'botild  Acid  gas,  it  Id  Evident,  that  unless 
carbonic  acid  gas  be  present,  they  can  emit  no  oxygen  gas ; 
and  wh^eVei*  thi^y  have  d^olbpd'se'd  all  the  carbollic  acid 

*  Ann,  de  Cbim.  li^  8S4k  -     f  Ibid.  zxiv.  139. 
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Book  lY/  gtv  oootained  in  a  givto  quantitf  of  air^  we  bave  no  longier 
Vmy  reason  to  look  for  their  nnifting  any  more  oxygen  gat; 
mi  if  the  quantity  of  carbonic  add  gas  emitted  during  the 
night  be  smaller  than  that  absorbed  during  the  day,  it  ia 
evident  that  during  the  day  the  plant  will  constantly  decom- 
pose all  the  acid  which  had  bem  fiurmed  during  the  night 
By  these  processes  the  mutual  changes  of  day  and  night 
compensate  each  other ;  and  they  are  prevented  from  more 
than  compensating  each  other  by  the  forced  state  of  the 
plant*  It  is  probable^  that  when  only  part  of  a  plant  is 
made  to  vegetate  in  this  forced  stat^  some  carbureted  sap 
(if  I  may  be  allowed  the  expression)  is  supplied  by  the  rest 
of  the  plant ;  and  that  therefore  die  quantity  of  carbonic 
add  gas  emitted  during  the  night  may  bear  a  nearer  pro- 
portion to  that  emitted  in  a  state  of  nature  than  that  of  the 
absorption  of  fixed  air  can  possibly  do.  And  probably^ 
even  when  the  whole  plant  is  thus  confined,  the  n^tly  pro- 
cess goes  on  for  a  certain  time  at  the  expense  erf*  the  carbon 
already  in  the  si^ ;  for  Hassenfiratz  fimnd,  that  in  these 
cases  die  quantity  of  carbon  in  the  plant,  after  it  had  vege- 
tated for  some  time  in  the  dark,  was  less  than  it  had  been 
when  it  began  to  vegetate.*  This  is  the  reason  that  planta 
growing  in  the  dark,  when  confined,  absorb  all  the  oxygen 
gas,  and  emit  carbonic  acid  gas:  and  whenever  this  has 
happened,  they  die ;  because  then  neither  the  daily  nor 
nightly  processes  can  go  on. 


SECT.  V. 

OF  THE   PECULIAR  JUICES   OF  PLANTS. 

By  these  changes  which  go  on  in  the  leaves,  the  nature 
of  the  sap  is  altogether  changed.  It  is  now  converted  into 
what  is  called  the  peculiar  juice^  or  true  sap,  and  is  fit 
for  being  assimilated  to  the  different  parts  of  the  plant,  and 
for  being  employed  in  the  formation  of  those  secretions 
which  are  necessary  for  the  purposes  of  tlie  vegetable  eco- 
nomy. 

*  Ann.  de  Chim.  ziii.  188. 
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The  lettvcBf  ttterefore^  may  be  considered  as  the  digesting  piap.  III. 
organs  of  plants,  and  as  equivalent  in  tome  measure  to  the  ^"-^v*^ 
stomach  and  lungs  of  \uiimals.     The  leaves  consequently  dig^ng 
are  not  mere  ornaments ;  they  ate  the  most  important  parts  otgua  of 
of  the  plant.    Accordingly  we  find,  that  whenever  we  strip  P*"*^ 
a  plant  of  its  leaves,  we  strip  it  entirely  of  its  vegetating 
powers  till  new  leaves  are  formed.     It  is  well  known  that 
when  the  leaves  of  plants  are  destroyed  by  insects  they 
vegetate  no  longer,  and  that  their  fruit  never  makes  any 
farther  progress  in  ripening,  but  decays  and  dries  up.  Even 
in  germination  no  progress  is  made  in  the  growth  of  the 
stem  till  the  seed-leaves  appear.     As  much  food  indeed  is 
laid  up  in  the  cotyledons  as  advances  the  plant  to  a  certain 
state :  the  root  is  prepared,  and  made  ready  to  perform  its 
functions ;  but  the  sap  which  it  imbibes  must  be  first  carried 
to  the  seed-leaves,  and  digested  there^  before  it  be  proper 
for  forming  the  plumula  into  a  stem.     Accordingly  if  the 
seed-leaves  are  cut  off^  the  plant  refiises  to  vegetate. 

It  will  be  very  natural  to  ask,  if  this  be  true,  how  come  How  they 
the  leaves  themselves  to  be  produced  ?  I  had  endeavoured  ducedT 
to  render  it  probable,  that  food  for  the  purpose  of  nourish- 
ing and  developing  them  was  laid  up  in  the  buds  them- 
selves ;  but  the  late  experiments  of  Mr.  Knight,  formerly 
detailed,  have  shown  that  the  alburnum  is  the  port  of  the 
tree  in  which  this  food  is  deposited.  After  the  plant  has 
developed  all  the  parts  which  are  to  appear  during  the 
siunmer,  and  after  the  buds  are  fabricated  and  rolled  up, 
the  leaves  still  continue  to  manufacture  new  food,  and  to 
send  it  to  the  alburnum.  Here  it  is  deposited,  and  em- 
ployed next  spring  in  feeding  and  developing  those  organs 
of  plants  which  are  absolutely  necessary  for  enabling  them 
to  perform  the  functions  of  vegetation.  From  this  important 
fiict,  Mr.  Knight  has  drawn  a  number  of  curious  conse- 
quences, of  great  importance  to  the  practical  gardener  and 
fiinner. 

This  deposition  of  food  for  the  future  supply  of  the  plant 
explains  to  us  why  the  branch  of  a  vine,  if  it  be  introduced 
into  a  hot-house  during  the  winter,  puts  forth  leaves  and 
vegetates  with  vigour,  while  every  other  part  of  the  plant 
gives  no  signs  of  life.  It  explains  to  us  also  why  the  sap 
flows  out  of  trees  very  readily  in  spring  before  the  leaves 
appear,  but  after  that  the  bleeding  ceases  altogether.     It  is 
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took  0f.  ^dOd  that  thwe  am  be  tconsdj  an^  dreoktkni  df  sap 
^* V*  ^  befi>iie  the  leavei  appeftr;  for  at  tlitffv  is  no  outlet  when 
the  vessels  are  onec  '^1  they  ctn  admit  no  moie.  It  i^ 
pears,  howeret,  fhm  the  lAeedlng^  that  the  roots  are  capa- 
ble of  imbibing,  and  the  vessris  of  dttakting,  the  sap  with 
Tigour.  Accordingly^  wheneftr  there  is  an  outlet^  they 
periorm  their  functions  as  usual)  and  die  tree  bleeds;  diat 
Is,  they  send  up  a  quantity  of  sap  to  be  digested  as  usual : 
bat  as  there  are  no  digesting  ofgan%  it  flows  oat,  becaoae 
the  sap  that  Dows  out  would  not  hata  been  imbibed  at  all, 
had  it  not  been  for  the  artifiaial  opening.  Bsit  when  the 
digestive  organs  appear,  the  ttae  will  n6t bleed;  because 
these  organs  require  all  the  s^h  ud  ll  ia  oaMtantly  flowing 

to  thefn. 
AbMlatdj      If  a  tree  be  deprived  of  its  kares^  new  leaves  makethsir 
"^*^""^*  lippearance^  because  tliey  are  already  prepared  for  that  par- 
pose^    But  what  would  be  the  cotiseqitcnce  if  a  tree  wefe 
deprived  of  its  leaves  and  of  all  its  buds  for  five  years  back? 
That  plants  do  not  vegetate  without  leaves  is  evident  from 
an  experiment  of  Dahamel.    He  stripped  the  bark  off  a  tree 
in  ringlets,  so  as  to  leave  five  or  mx  ringi  of  it  at  some  dis- 
tance fitom  each  other,  with  no  bark  in  tht  intervihL   Some 
of  these  rings  had  buds  and  leavesi  thele  itacrsased  eon- 
riderably  in  site ;  but  one  ring  which  had  none  of  these  re- 
mained for  years  unaltered.    Mr.  Knight  found  that  a  shoot 
€(  the  vine,  when  deprived  of  its  leaves  died  altogether.* 
Form  the        Thf^  sticOiS  j^ropmii,  or  peadiar  jnke  of  plant%  may  be 
pMuUar      considered  as  analc^us  to  the  blood  of  animals^    It  is  die 
food  altered  by  digestion,  and  rendered  fit  for  being  assimh' 
lated  and  converted  into  a  pari  of  the  plant  itsdf  fay  the 
subsequent  processes  of  vegetation.    That  it  flows  fixxn  the 
leaves  of  the  plant  towards  the  roots  appears  from  this  cir^ 
cumstance^  tlmt  when  we  make  an  incision  into  the  plant, 
into  whatever  position  we  put  it,  much  more  of  the  sitams 
Which       proprius  flows  from  that  side  of  the  wound  which  is  next  the 
^ei^  leaves  and  branches  than  from  the  other  aide :  and  this 
happens  even  though  the  leaves  and  branches  be  heU  un* 
dermostf   When  a  ligature  is  tied  about  a  {dantf  a  swelling 
appears  above  but  not  bdow  the  ligature. 
In  Tcitelf  •       The  vessels  containing  the  peculiar  juioe  have  been  traced 

*  Phil  Trnis.  180t,  p.  SSft.  f  Ben>  Umitik  Msai.  ii.  408. 
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by  Mr.  Knvbt  from  tht  l^avei  into  the  conical  layers  of  ibe  Ctap.  iil. 
inner  bark**  Hed wig^  who  h%$  examined  the  vestela  ofplanta 
with  very  great  care,  Beem$  to  consider  them  as  of  die  laiiia 
structure  with  the  tracheae ;  but  Mr.  Knight  is  of  a  difiSNrent 
opinion.    It  appears  evidently  from  the  experiments  of  this 
last  gentlemaHi  that  they  co^nmunicate  with  no  part  of  the 
plant  which  is  situated  at  a  greater  distance  from  the  roofc 
than  the  leaf  from  which  they  themselves  originate*    For 
when  two  circular  inoisions  are  made  throu|^  the  bark  of  a 
branch  above  and  below  a  Iea(  and  at  some  distanoe  from  . 
it,  only  that  part  of  the  portion  confined  between  the  two 
inoisions  which  is  tituated  below  the  leaf  increases  in  size. 
From  the  experiments  of  Mr.  Knight,   there  is  reason 
to  believe  that  these  vessds  are  much  better  calculated  to 
carry  the  true  sap  from  the  leaves  towards  the  rooti^  than 
in  the  contrary  direction.    By  passing  the  slender  shoots  of 
a  vine  through  the  earth  of  a  gardeni'pot,  he  made  them 
send  out  roots.    The  shoots  were  then  cut  off  from  the 
parent  tree^  leaving  an  equal  portion  on  each  side  of  this 
new  root     Each  of  these  portions  was  turned  up  at  a 
similar  angle,  and  had  a  bud  at  a  litde  distanee  from  the 
cut-off  extremity.     Here  were  two  stems  growing  fit>m 
one  root.    But  the  one  was  obviously  inverted,  while  the 
other  was  in  its  natural  position.    In  the  first,  the  wood  be- 
tween the  bud  and  the  cutoff  extremity  increased  in  size ; 
but  in  the  other  it  did  not :  indicating  a  disposition  in  the 
true  sap  to  move  in  its  original  direction  firom  the  leaves  to 
the  root.    In  like  manner,  when  shoots  of  gooseberry  and 
eurrant  bushes  were  planted  inverted,  the  upper  part  alwaya 
decayed.f    These  experimenta  are  ^vourable  to  the  opirt 
nion,  that  these  vessels  are  fiunished  with  valves. 
,  When  all  eom&iUDication  between  the  leaves  and  roots 
is  ent  ofl^  by  removing  a  portion  of  the  bark  all  round  the 
tree^  it  appears,  from  the  experimeiits  of  Knight,  that 
the  albumous  vesaela  acquire  the  property  of  transmitting 
a  portion  of  the  true  sap  to  the  root%  so  as  to  maintain  the 
powers  of  vegetating  $  but  the  quantity  is  greatly  diminished. 
The  surplus  appears  to  be  lodged  in  the  alburnum,  which 
thus  becomes  denser;  and  ^  the  plant  be  allowed  to 
vegetate,  this  food  is  expended  next  season  upon  the  upper 

•  Phil.  Tnns.  ISOl,  p.  937.  t  Nicholion'«  Jour.  x.  980. 
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Book  IV.  part  of  the  plant*    Thus  the  quantiiy  of  blossom  on  the 

^•^v*^  branch  of  an  apple  tree  is  greatly  increased  by  removing 

a  section  of  its  bark  the  season  befinre  the  blossom  is  to 

appear.* 

Iti  proper-       The  true  sap  is  easily  known  by  its  ooUmr  and  its  consist- 

**^  ence.     In  some  plants  it  is  green,  in  some  red,  in  many 

milky.     It  cannot  be  doubted  that  its  motion  in  the  vessek 

is  performed  in  the  same  way  as  that  of  the  sap. 

If  we  had  any  method  of  obtaining  this  peculiar  juice  in 
a  state  of  purity,  the  analysis  of  it  would  throw  a  great 
deal  of  light  upon  vegetation ;  bat  this  is  scarcdy  possible, 
as  we  cannot  extract  it  without  diinding  at  the  same  time 
the  vessels  which  contain  the  sap.  In  many  cases,  however, 
the  peculiar  juice  may  be  known  by  its  colour,  and  thai  its 
analysis  may  be  performed  with  an  approach  towards  ac- 
curacy. The  facts  respecting  its  constituents,  hitherto  as- 
certained by  chemists,  have,  as  fiur  as  I  am  acquainted  with 
them,  been  detailed  in  the  preceding  Chapter.  These  ex- 
periments prove,  as  might  have  been  expected,  that  the 
peculiar  juices  differ  very  considerably  fitxn  each  other, 
and  that  every  plant  has  a  juice  peculiar  to  itself.  Hence 
it  follows,  that  the  processes  which  go  on  in  the  leaves  of 
plants  must  differ  at  least  in  d^ee,  and  that  we  have  no 
right  to  transfer  the  conclusions  deduced  from  experiments 
on  one  species  of  plants  to  those  of  another  species.  It  is 
even  probable,  that  the  processes  in  different  plants  are  not 
the  same  in  kind ;  for  it  is  not  reasonable  to  suppose  that 
the  phenomena  of  vegetation  in  an  agaric  or  a  boletus  are 
precisely  the  same  as  those  which  take  place  in  trees  and 
in  larger  v^tables,  on  which  alone  experiments  have 
hitherto  been  made. 

The  true  sap  is  conveyed  to  every  part  of  the  plant ;  and 
all  the  substances  which  we  find  in  plants,  dnd  even  the 
organs  themselves  by  which  they  perform  their  functions, 
are  formed  from  it.  But  the  thickest  veil  covers  the  whole 
of  these  processes ;  and  so  far  have  philosophers  hitherto 
been  from  removing  this  veil,  that  they  have  not  even  been 
able  to  approach  it.  All  these  operations  indeed,  are  evi- 
dently chemical  decompositions-and  combinations;  but  we 

•  Knight  OH  the  Inverted  Action  of  the  Alburaous  Vessels  of  Trees. 
Phil.  Trans.  1806. 
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neither  know  what  these  decompositions  and  combiliations  Chip.  IIL 
are,  nor  the  instruments  in  which  they  take  place,  §or  the 
s^fents  by  which  they  are  regulated. 


SECT-  VL 

OF  THE  DECAY  OF  PLANTS. 

Such,  as  far  as  I  am  acquainted  with  them^  are  the  PUnts  de- 
dianges  produced  by  vegetation.  But  plants  do  not  con-  <*y*"d^ 
tinue  to  vegetate  for  ever ;  sooner  or  later  they  decay  and 
wither,  and  rot,  and  are  totally  decomposed.  This  change 
indeed  does  not  happen  to  all  plants  at  the  end  of  the  same 
time.  Some  live  only  for  a  single  season,  or  even  for  a 
shorter  period ;  others  live  two  seasons,  others  three,  others 
a  hundred  or  more;  and  there  are  some  plants  which  con- 
tinue to  vegetate  for  a  thousand  years ;  but  sooner  or  later 
they  all  cease  to  live;  and  then  those  very  chemical  and 
mechanical  powers  which  had  promoted  vegetation  combine 
to  destroy  die  remains  of  the  plant.  Now,  What  is  the 
cause  of  this  change  ?  Why  do  plants  die  ? 

This  question  can  only  be  answered  by  examining  with 
some  care  what  it  is  which  constitutes  the  life  of  plants :  for 
it  is  evident,  that  if  we  can  discover  what  that  is  whidi 
constitutes  the  life  of  a  plant,  it  cannot  be  difficult  to  dis- 
cover whatever  constitutes  its  death. 

Now  the  phenomena  of  vegetable  life  are  in  general  m^.  phenomen 
getaiUm.    As  long  as  a  plant  continues  to  vegetate,  we  say  jl'^^s*"^ 
diat  it  lives ;  when  it  ceases  to  vegetate,  we  conclude  that  it 
is  dead. 

The  life  of  v^etables,  however,  is  not  so  intimately  con- 
nected with  the  phenomena  of  v^tation  that  they  cannot 
be  separated.  Many  seeds  may  be  kept  for  years  without 
giving  any  symptom  of  vegetation ;  yet  if  they  vegetate 
when  put  into  the  earth,  we  say  that  they  possess  life;  and 
if  we  would  speak  accurately,  we  must  say  also  that  they 
possessed  life  even  before  they  were  put  into  the  earth :  for 
it  would  be  absurd  to  suppose  that  the  seed  obtained  life 
merely  by  being  put  into  the  earth.  In  like  manner  many 
plants  decay,  and  give  no  symptoms  of  vegetation  during 


S6S  VEGCTATIOy, 

Book  IV.  winter;  yet  if  they  v^etate  wbm  ^  wiA  tempmiU^fe  of 
^*7V^,  spring  affects  them,  wc  consider  U^m  M  luiviog  lived  aU 
*  i.  winter.  The  life  of  planU,  than,  fuui  t^a  phenQroen^  of 
▼fetation,  are  not  precisely  the  same  thing ;  for  the  one 
may  be  separated  from  the  other,  and  we  can  even  sup- 
pose the  one  to  exist  without  the  other.  Nay,  what  is 
more,  we  can,  in  many  cases,  deader  without  hesitation, 
that  a  vegetable  is  not  dead,  even  when  no  vegetation  ap- 
pears ;  and  the  proof  which  we  have  for  its  life  is,  that  it 
remains  unaltered ;  for  we  know  that  when  a  vegetable  is 
di^,  it  soon  changes  iu  appMWHWb  wd  falls  into  deoay. 

Thus  it  appears  that  the  ^  of  a  vq^^uble  cpnsUts  ia 
two  things :  1.  In  remaining  imaltev^  whm  eivcumstanp^ 
are  un&vourable  to  v^etatipn;  S.  In  odiibiUDg  the  p|i^ 
nomena  of  vegetation  wbm  ciicii|D8l|ilus«  are  &vourable. 
When  neither  of  these  two  things  lyqipens,  we  may  pay  that 
a  vegetable  is  dead* 

The  phenpmena  of  vegeCatMii  bftve  benn  enumerated 

above.    They  cpnsist  in  the  jEbrmation  or  esfpwfum  of  thf 

organs  pf  the  plant,  in  the  taking  in  of  npurisbnient9  in 

carrying  it  to  Uie  leaves,  in  dig^iUng  it»  in  di#tributing  i% 

through  the  plant,  in  augmenting  tb^  bidk  of  the  pUnI, 

in  repairing  decayed  parts,  in  forming  new  organs  wbm 

they  are  necessary,  in  producing  ae^ds  ^aprfile  of  bi^ 

Owing  to  a  convertu^  into  plants  similar  to  the  parmt.    Th#  cmise  ^ 

▼egcutite   ih^ie  phenomena,  whatever  it  may  be,  is  the  co^^  also  of 

vegeiabU  UfCi  and  may  be  distinguished  by  the  name  of  the 

vegetative  principle.     But  an  inquiry  inlo  the  nature  of  this 

principle  belongs  to  the  science  of  physioiogy,  and  woald 

be  foreign  to  the  nature  of  this  work/ 

Death  of        The  death  of  plants,  if  we  can  judge  from  the  phcoor 

pilots.       mena,  is  owing  to  the  organs  becoming  at  last  alto|oecher 

unfit  for  performing  their  functions,  and  incapable  of  being 

repaired  by  any  pf  the  powers  which  the  vegetative  prioi- 

ciple  possesses.    The  change  which  vegetablo  ^mfh^fp^*^ 

undergo  after  death  come  now  to  be  cxamiaed.     They  sbaiji 

form  ^le  sul^t  of  tbe  imsuing  Chapter. 
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CHAP.  IV.  Ctap.IV. 

OF  THE  DECOMPOSITION   OF  VEGETABLE  SUBSTANCES. 

* 

The  most  striking  distinction  between  the  substances  be- 
longing to  the  mineral  kingdom  and  those  which  make  a 
part  of  animals  or  vegetables,  is  the  following :  mineral  Difibrence 
bodies  show  little  or  no  tendency  to  change  their  nature ;  ^^, 
lUid  when  left  to  themselves,  undergo  no  spontaneous  de-  md  living 
compositions:   whereas  animal  and  vegetable  substances "■^'''' 
are  continually  altering;  and  when  left  to  themselves  in 
favourable  circumstances,   always  run   through  a  regular 
set  of  decompositions.    I  propose  in  this  chapter  to  treat 
of  the  spontaneous  decompositions  of  vegetable  bodies; 
those  of  animal  bodies  belong  to  the  next  Book. 

We  have  seen  in  the  last  Chapter,  that  during  vegetal  Vegeuble 
tion  the  constituents  of  plants  are  continually  going  through  go^^*"^ 
a  regular  set  of  changes,  losing  the  properties  of  one  9ub->  a  series  of 
stance,  and  assuming  those  of  another.  Thus  a  substance  c^ansc«« 
which  in  the  young  plant  has  the  properties  of  mucilage, 
assumes  in  the  old  the  properties  of  starch ;  what  in  green 
fruit  is  an  acid,  in  ripe  fruit  becomes  sugar.  Vegetable 
principles,  then,  are  not  fixed  or  stationary  in  the  living 
plant ;  they  are  gradually  running  into  one  another.  But 
this  tendency  to  change,  or  rather  this  continual  decompo-^ 
sition  in  consequence  of  the  mutual  reaction  of  the  difibrent 
umple  substances  of  which  the  vegetable  principles  are 
composed,  is  by  no  means  confined  to  the  living  stnte.  It 
goes  on  with  equal  or  with  greater  energy  in  favourable  cir- 
cumstances in  vegetable  matter  after  it  has  been  completely 
separated  from  the  living  plants.  It  has  been  observed  that 
this  tendency  to  spontaneous  decomposition  is  usually 
greater  in  animal  than  in  vegetable  bodies ;  and  that  those 
vegetable  bodies,'  in  which  the  tendency  is  greatest,  bear 
the  closest  resemblance  to  animal  matter.  Hence  the 
common  chemical  phrase,  that  such  substances  are  more 
ammalized.  This  is  the  case  with  glyten  in  particular, 
which  undergoes  spontaneous  decomposition  more  rapidly 
than  most  other  vegetable  bodies,^ 

During  the  spontaneous  decomposition  which  vegetable  Thesespon- 
substances    underiro,   it  is  obvious  that  the  simple   sub-  **"*?"*  »^" 

"  ,  *^  ,     terations 

Stances  of  which  they  are  composed  must  unite  together  in 
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Book  IV.   a  different  manner  from  that  in  whicbthcy  were  Ibrmerly 
^^**v^  united,  and  form  a  new  set  of  oompoiillds  which  did  not 
formerly  exist.    Now  it  has  been  observed  that  the  specific 
gravity  of  these  new  csmpownds  is  ahnost  always  less  than 
that  of  the  old  body.  •  Some  of  them  usually  fly  off  in  the 
state  of  gas  or  vapour.    «Hence  the  odour  that  vegetable 
bodies  emit  during  the  whole  time  that  they  are  running 
through  the  series  of  their  changes.    When  the  odooris 
very  offensive  or  noxious,  the  spontaneous  deoompositioa 
is  called  putrifaction;  but  when  the  odour  is  not  o^^sive^ 
or  when  any  of  the  new  compoonds  fi>rmed  is  applied  to 
useful  purposes,  the  spontaneous  decomposition  is  called 
CaUed  fcr-  fermentation.  This  word  was  first  introduced  into  chemistry 
mcnuuion.  by  Vmi  Helmont.*     It  is  supposed  by  some  to  have  ori- 
ginated from  the  intestine  mc^ion  which  is  always  peraep- 
tible  while  vegetable  substances  are  fermenting ;  while  by 
others  it  is  derived  from  the  heat  which  la  these  cases  is 
always  generated.    The  tsrm  fermentatum  is  now  veiy  often 
applied  to  all  the  spontaneous  changes  which  viegetahle  bo- 
dies undergo  without  regard  to  the  products.    It  therefbre^ 
in  that  sense^  includes  putrifactian  ;  and  certainly  there  itf 
no  impropriety  in  thus  extending  the  term  so  as  to  make 
it  comprehei^  every  case  of  qiontaneous  deoompoatiou. 
By  fermentation,  then,  is  now  meant  all  the  spootaneoos 
changes  which  take  place  in  v^etable  substances  after  they 
are  separated  from  the  living  plant. 

All  the  phenomena  of  fermentation  lay  for  many  years 
concealed  in  die  complctest  darkness,  and  no  ch^nist  was 
bold  enough  to  hazard  even  an  attempt  to  explain  them. 
They  were  employed,  however,  and  without  he^tation  too^ 
in  the  explanation  of  other  phenomena;  as  if  giving  to  one 
process  the  name  of  another,  of  which  we  are  equally  ig- 
norant, could,  in  reality,  add  any  thing  to  our  knowledge. 
The  darkness  which  enveloped  these  phenomena  has  lately 
begun  to  disperse ;  but  they  arc  still  surrounded  with  a 
very  thick  mist ;  and  we  must  be  much  better  acquainted 
with  the  composition  of  v^etable  substances,  and  the  mu- 
tual affinities  of  their  ingredients,  than  ^p.^^«'at.preseiUy 
before  we  can  explain  them  in  a  satis&clqry .  manner. 
Fermentation  never  takes  place  unless  vegetable- substan- 

*  Stshl*s  Fundament.  Chem.  i.  li^ 
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cet  oontain  a  certain  portion  of  water,  and  unless  they  are  cbap.  iv. 
exposed  to  a  temperature  at  least  above  the  freezing  point.  ^^-^/'*^ 

When  dry  or  freezing,  manjr  of  tliem  continue  long  with- 
out alteration.  Hence  we  have  an  A>viou8  metliod  of  pre- 
venting  fermentation; 

If  we  take  a  view  of  all  the  vegi^able  principles  described  Tendency 
in  the  first  Chapter  of  this  Book,  we  shall  find  that  they  ^l^]^ 
difiler  much  from  one  another  in  their  tendency  to  run  into  bodies. 
fermentation.     Gum,  sarcocol,  starch,  indigo,  wax,  resins, 
camphor,  caoutchouc,  gum  resins,  wood,  and  suber,  though 
mixed  with  water,  and  placed  in  the  most  favourable  tem- 
perature, show  scarcely  any  tendency    to   change    their 
nature.     Oils  absorb  oxygen  from  the  atmosphere  but  too 
slowly  to  produce  any  intestine  motion.     Tannin,  some  of 
the  acids,  and  extractive,  are  gradually  decomposed ;  the 
sur&ce  of  the  liquid  becomes  mouldy,  and  an  insipid  sedi- 
ment falls  to  the  bottom ;  and  when  the  process  has  once 
begun,  it  goes  on  with  greater  rapidity*    Albumen  and 
fibrin  putrify  werj  quickly,  but  the  products  have  not  been 
ascertained ;  gluten  gradually  changes  into  a  kind  of  cheese. 

But  it  is  when  several  of  the  v^etable  principles  are  Greatest  in 
mixed  together,  that  the  fermentation  is  most  perceptible,  ^^^^' 
and  the  change  most  remarkable.  Thus  when  gluten  is 
added  to  a  solution  of  sugar  in  water,  the  liquid  soon  runs 
into  vinegar,  or  in  certain  cases  to  alcohol  and  vinegar. 
When  gluten  is  mixed  with  starch  and  water,  alcohol  and 
vinegar  usually  make  their  appearance;  but  the  greatest 
part  of  the  starch  remains  unaltered.  It  has  been  observed 
that  certain  substances  are  peculiarly  e£Scacious  in  exciting 
fermentation  in  others.  These  substances  have  received  the 
name  of  ferments* 

,  But  the  phenomena  of  fisrmentation  do  not  appear  in 
their  greatest  perfection  in  our  artificial  mixture  of  vegOi- 
table  principles.  Those  complicated  parts  of  plants  in 
which  various  principles  are  already  mixed  by  Nature^  espe- 
cially the  liquul  parts^  exhibit  the  finest  specimens  of  it ; 
sudi  as  the  sap  of  trees,  the  juices  of  fruits,  the  decoctions 
of  leaves,  seeds,  &c.  It  is  from  such  natural  mixtures  that 
we  obtain  all  the  products  of  fermentation  which  mankind 
haive  applied  to  useful  purposes;  such  as  indigo,  beer,  bread, 
vinegar,  wine,  &c  Jn  the  present  imperfect  state  of  the 
subject,  I  shall  satisfy  myself  with  an  account  of  the  most 
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Book  IV.  important  of  these  products  of  fimnentaticm,  and  of  the 
^"""v*^  phenomena  which  take  place  dmring  their  formation.  I 
DiviiioB.  shall  divide  this  Chapter  into  three  Sections :  in  the  first,  I 
shall  treat  of  the  fermentation  which  produces  intoxicating 
liquors ;  in  the  second,  of  the  fermentation  which  produces 
vinegar;  and  in  the  third,  of  that  which  reduces  the  sub- 
stance to  soil.  These  are  usually  called  thei/motci,  acetous^ 
and  putrif active  fermentations. 


SECT.  L 

OF  THE  VINOUS  FERBfENTATION. 

Under  this  name  is  comprehended  every  species  of  fer- 
mentation which  terminates  in  the  formation  of  an  in- 
toxicating liquid.  Now  these  liquids,  though  numerous, 
may  be  comprehended  under  two  general  heads;  namely, 
those  which  are  obtained  from  the  decodtions  of  seeds,  and 
those  which  are  obtained  from  the  jtdces  of  plants.  The 
liquids  of  the  first  class  are  denominated  beer  or  wash^ 
those  of  the  second  wine. 

I.      BEER. 

The  method  of  making  beer  was  known  in  the  most 
remote  ages.  The  Greek  writers  give  the  honour  of  the 
invention  to  the  Egyptians.  Almost  every  species  of  com 
has  been  employed  for  the  purpose.  In  Europe  it  is  usually 
made  from  barley,  in  India  from  rice,  in  the  interior  of 
Africa  from  the  holcu^  spicatus ;  ♦  but  whatever  grain  is  em- 
ployed, the  process  is  nearly  the  same.  We  shall  there- 
fore select,  as  an  example,  the  beer  made  in  this  country 
from  barley. 

1*  As  the  grain  in  its  natural  state  has  been  found  un- 
suitable for  yielding  good  beer,  it  is  usual,  in  the  first  place^ 
to  convert  it  into  malt. 
M  It.  The  term  malt  is  applied  to  grain  which  has  been  made 

•  Park's  Travels,  p.  63,  8vo  lidition. 
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to  germinate  artificially  to  a  certain  extent,  after  which  the  Chap.  Uh 
process  is  stopped  by  die  application  of  heat.  ^^TV*^ 

The  barley  is  steeped  in  cold  water  for  a  period  which  (as  Stetpingof 
regulated  by  law)  must  not  be  less  than  40  hours;  but^^^' 
beyond  that  period  the  steeping  may  be  continued  as  long 
as  is  thought  proper.  Here  it  imbibes  moisture,  and  in- 
creases in  bulk ;  while  at  the  same  time  a  quantity  of  car* 
bonic  add  is  emitted,  and  a  part  of  the  substance  of  the 
husk  is  dissolved  by  the  steep-water.  The  proportion  of 
water  imbibed  depends  partly  on  barley,  and  partly  on  the 
length  of  time  that  it  is  steeped.  From  the  average  of  a 
good  many  trials,  it  appears  that  the  medium  increase  of 
weight  from  steeping,  may  be  reckoned  0*47 ;  that  is  to 
say,  every  100  pounds  of  barley  when  taken  out  of  the  steep 
weighs  147  pounds.  The  average  increase  of  bulk  is  about 
a  fifth;  that  is  to  say,  that  100  bushels  of  grain,  after  being 
steeped,  swell  to  the  bulk  of  120  bushels.  The  carbonic 
acid  emitted  while  the  bai'ley  is  in  the  steep  is  inconsider- 
able; and  it  is  probable,  from  the  experiments  of  Saussure, 
that  it  owes  its  formation,  at  least  in  part,  to  the  oxygen 
held  in  solution  by  the  steep- water. 

The  steep-water  gradually  acquires  a  yellow  colour,  and 
the  peculiar  smell  and  taste  of  water  in  which  straw  has 
been  steeped.  The  quantity  of  matter  which  it  holds  in 
solution  varies  from  ■^\h  to  xiir^h  of  the  weight  of  barley. 
It  consists  chiefly  of  an  extractive  matter  of  a  yellow  colour 
and  disagreeable  bitter  taste,  which  deliquesce3  in  a  moist 
atmosphere,  and  contains  always  a  portion  of  nitrate  of 
soda.  It  holds  in  solution  most  of  the  carbonic  acid  dis* 
engaged.  This  extractive  matter  is  obviously  derived  from 
the  husk  of  the  barley,  and  is  that  substance  to  which  that 
husk  owes  its  colour.  Accordingly  grain  becomes  much 
paler  by  steeping. 

After  the  grain  has  remained  a  sufficient  time  in  the  steep,  couch. 
the  water  is  drained  off,  and  the  barley  thrown  out  of  the 
cistern  upon  the  malt-floor,  where  it  is  formed  into  a  rect*> 
angular  heap,  called  the  couch,  about  16  inches  deep.  Iri 
this  situation  it  is  allowed  to  remain  about  26  hours.  It  is 
then  turned,  by  means  of  wooden  shovels,  and  diminished  a 
little  in  depth.  This  turning  is  repeated  twice  a  day  or 
oiftener,  and  the  grain  is  spread  thinner  and  thinner,  ti|l  at 
last  its  depti^i  does  not  e^^ceed  a  few  inches. 
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^  When  placed  on  the  couch,  it  bejpm  giBdeally  to  tebmb 
oxygen  from  the  atmosphere,  and  to  eoovert  it  into  carbonic 
acid;  at  first  very  slowly,  bat  afterwards  moc«  mpidly* 
The  temperature,  at  ^rst  the  same  with  diat  of  the  exter- 
nal air,  b^ins  slowly  to  increase ;  and  in  about  96  hours 
the  grain  is,  at  an  average^  about  10^  hotter  than  tiie  sur- 
rounding atmo^here.  At  this  time  the  grain^  whicdi  had 
become  dry  on  the  surface,  becomes  agun  so  moist  tihat  it 
will  wet  the  hand,  and  exhales  at  the  same  time  an  agree- 
able odour,  not  unlike  that  of  apples.  The  a{^)earsnce  <^ 
this  moisture  is  called  sweating*  A  small  portion  of  alcohol 
appears  to  be  volatilized  at  this  period.  The  great  olgect 
of  the  maltmen  is  to  keep  the  temperature  from  beccnning 
excessive.  This  they  do  by  frequent  turning.  The  tempe- 
rature which  they  wish  to  preserve  varies  from  65^  to  62^, 
according  to  the  different  modes  of  malting  pursued. 

'  At  the  period  of  the  sweating  the  roots  of  the  grains 
begin  to  appear,  at  first  like  a  small  white  prominence^  at 
the  bottom  of  each  seed,  which  soon  divides  itself  into  three 
rootlets,  and  increases  in  length  with  very  great  rapidity^ 
pnless  checked  by  turning  the  malt.  About  a  day  a^r  the 
sprouting  of  the  roots,  the  rudiments  of  die  future  stem, 
odled  acrospire  by  the  maltsters,  may  be  seen  to  lengthen^ 
It  rises  from  the  same  extremity  of  the  seed  with  the  root, 
and  advancing  within  the  husk,  at  last  issues  from  the  oppo* 
site  end :  but  the  process  of  malting  is  stopped  before  it  has 
made  such  progress. 

As  the  acrospire  shoots  along  the  grain,  the  appearance 
of  the  kernel,  or  mealy  part  of  the  corn,  undergoes  a  ccm- 
siderablc  change,  llie  glutinous  and  mucilaginous  matter 
is  taken  up  and  removed,  the  colour  becomes  white,  and  the 
texture  so  loose  that  it  crumbles  to  powder  between  the 
fingers.  The  object  of  malting  is  to  produce  this  change : 
when  it  is  accomplished,  which  takes  place  wlien  the  acros- 
pire has  come  nearly  to  the  end  of  the  seed,  the  process  is 
stopped  by  drying  the  malt  upon  the  kiln.  The  tempera- 
ture at  first  does  not  exceed  90°;  but  it  is  raised  very 
slowly  up  to  140°,  or  higher,  according  to  circumstances. 
The  malt  is  then  cleaned,  to  separate  the  rootlets,  which 
are  considered  as  injurious. 

Such  is  a  short  sketch  of  the  process  of  malting.  Barley, 
by  being  converted  into  malt,  generally  increases  two  or 

3 


Tfiroto  vsKniiTATioir.  «      ^    -STS 

throe  {Mr  cent  in  balk;  and  loses  at  an  average^  abonl  a  p»p.iy. 
fifthofitswMj^orSOperGent  But  of  these  fiO  parts  IS  ' 
are  to  be  ascribed  to  kiln-dryiiig^  and  consist  of  water, 
wlneh  the  barley  would  have  loet  had  it  been  exposed  to 
the  same  temperatmre :  so  that  the  real  loss  does  not  exceed 
eight  per  cent.  From  a  good  many  trials,  made  with  as 
much  atteBtion  to  all  the  drcmnstances  as  possible^  the  fol- 
lowing seems  to  be  the  way  of  accounting  tdt  this  loss: 

Carried  off  by  the  steep-water  • .  • .  1*5 

Dissq)ated  in  the  floor   5*0 

Roots,  8q>arated  by  cleaning  • 5*0 

Waste 0*5 


8*0 

The  loss  on  the  floor  ought  to  be  entirely  owing  to  the 
s^Muration  of  carbon  by  the  oxygen  of  the  atmosphere;  but 
were  this  the  only  causey  it  ¥H>uld  be  much  smaller  than 
three  per  cent  Two  other  causes  concur  to  produce  this 
loss: — 1.  Many  of  the  roots  are  broken  off  during  the 
turning  of  the  malt;  these  wither  and  are  lost,  while  others 
grow  in  their  place: — 3.  A  certain  portion  of  the  seeds 
lose  die  power  of  germinotittg,  by  bruises  or  other  acci* 
dents,  and  these  lose  a  much  greater  portion  than  three 
per  cent  of  their  real  woght  From  a  good  many  trials, 
made  with  as  much  care  as  possible,  I  am  disposed  to  con- 
clude that  the  quantity  of  carbon,  separated  during  the 
whole  process  of  malting,  by  the  formation  of  carbonic 
acid  gas,  does  not  exceed  two  per  cent  and  that  the  weight 
of  the  roota  formed  amounts  oflen  to  four  per  cent.  These 
two,  in  reality,  include  the  whole  real  loss  of  weight  which 
barely  sustains  when  malted.  What  is  lost  in  the  ste^ 
being  husk,  need  scarcely  be  reckoned. 

The  roots  appear,  from  the  process,  to  be  formed  chiefly 
from  the  mucilaginous  and  glutinous  parts  of  the  kerneL 
The  starch  is  not  employed  in  their  formation ;  but  under* 
goes  a  change.  Intended  no  doubt  to  fit  it  for  the  future 
nourishment  of  the  plumula.  It  acquires  a  sweetish  tast^ 
and  the  property  of  forming  a  transparent  solution  with 
hot  water.  In  short,  it  approaches  somewhat  to  the  nature 
of  sii^^ar;  but  is  much  more  soluble,  and  much  more  easily 
deeompoied,  than  that  principle.    From  the  experiments 
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yeasi  of  beer.  From  15860  pim' of  it  to  obtained  Ae 
foUowing  substances : 

Potash 13 

Carbonic  acid 1^ 

Acetic  acid 10 

Malic  acid  •••••.••••  45 

Lime  •  • 69 

Alcohol 240 

Extractive 120 

Mncilage. • .  • .  240 

Saccharine  matter  •  • . .  315 

Gluten 480 

Water. 13595 

15142 

Bendes  some  traces  of  pho^horic  add  and  of  silica.*  But 
It  18  obvious,  Aat  all  these  ingredients  are  not  essentiaL 
From  the  expetiments  of  Westnunb,  it  spears  that  whm 

•  CMPsilflM^  1790^  i.  13. 
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die  ynat  h  filtered,  e  matter  remains  upon  tbe  filter  which  Cbap.  iv. 
powcMCfl  tiie  properties  of  gluten;  that  when  this  sub- 
stsnce  is  separated  Ae  yeast  loses  the  propmy  of  eeunting 
ftnsMitatioa^  but  recovers  it  again  when  the  gluten  is 
added.     Henoe  it  fellows  that  this  glutinous  matter  is  the  Glaten  in 
^Bseutial  oonsCituent  of  the  yeast    When  yeast  is  kept  for  ^^^ 
some  time  in  cylindrical  glass  vessels^  a  white  substance  not  cut. 
imlike  curd  separates,  and  swims  upon  the  surfoce.    If 
tfais  substance  be  removed,  the  yeast  loses  the  property  of 
exciting  fermentation.    This  substance  possesses  many  of 
^e  properties  of  gluten,,  though  it  differs  from  it  in  others. 
Its  colour  is  much  whiter;  it  has  not  the  same  elasticity; 
and  its  particles  do  not  adhere  with  the  same  force.    It 
dissolves  more  readily  in  acids.    I  have  little  doubt  that 
this  is  the  part  c^  yeast  which  is  the  real  ferment     It  may 
be  considered  as  gluten  somewhat  altered,  and  much  more 
diqxised  to  decomposition.    It  existed,  no  doubt,  in  the 
Taw  grain,  but  underwent  considerable  modifications  during 
the  process  of  nudting,  and  probably  others  during  the 
fermentation  of  the  beer  fh>m  which  it  separated. 

That  a  substance  analogous  to  gluten  is  tlie  real  ferment^ 
appears  also  from  the  experiments  of  Fabroni,  who  pub- 
lished a  Treatise  on  Wine-making  in  1785,  which  gained 
the  priae  proposed  by  the  Florence  Academy.    By  heating 
the  juice  of  grapes,  and  passing  it  through  a  filter,  he  se- 
parated an  adhesive  matter  which  possessed  the  properties 
of  gluten.     The  juice  deprived  of  this  substance  refused  to 
ferment,    but  it  fermented  as  usual  when  the  glutinous 
matter  was  i^in  added.    The  observations  of  Thenard 
confirm  those  of  Fabroni.    He  found  in  the  juices  of  all 
firuits  examined,  a  substance  similar  to  that  described  by 
Fabroni,  and  whidi,  according  to  him,  is  absolutely  the 
same  with  pure  yeast     Hiis  substance  is  insipid,  does  not 
change  vegetable  blues,  is  insoluble  in  water,  loses  -J-tiis  of 
its  wdgfat  when  dried,  and  is  decomposed  like  animal  sub- 
stances.    Wh^ti  eight  parts  of  it  were  distilled,  they  left 
2'8S  of  charcoal,  and  yielded  1*61   of  water,  1*81  of  oil, 
and  a  quantity  of  ammonia,  which,  when  saturated  with 
muriatic  acid,  formed  I '^6  of  sal-ammoniac ;  the  gas  ob- 
tfuned  weighed  0*33,  and  consisted  of  -^th  carbonic  acid, 
and  -(ths  of  carbureted  hydrogen,  requiring  1-^  time  its 
bulk  of  oxygen  to  consume  it    Nitric  acid,  even  when 


MO  oBOQHFOsmovor  ^faoniKB  njbstancu. 

Book  nr.  dihtfedy  oonverts  H  into  •  qwciei  of  tallow.  'With  potaih 
%  "y  i-'  it  IbnnB  a  mmpi  wfaik  anfoNinia  k  diMngaged.  Wlien 
mixed  with  ragar  and  t  iiiflBcieiit'i|aantiljof  water,  fer- 
mentation  takei  places  eaibonie  add  is  diiBDgagedy  and  • 
finoos  liquor  fermed.  B^  dib  aokioa  the  fiarment  loaet  the 
nhde  of  its  acote^  and  becomet  incapable  of  exciting  fer- 
mentation wlien  mixed  irith  a  new  portion  of  tugnr.*  An 
experiment  of  Eirdihoff  thnma  comiderable  %ht  <m  the 
nature  of  yeait  Bailey-meal  containa  both  ghiten  and 
atarch.  If  pure  itarch  be  infiued  in  hot  water  it  is  not 
conterted  into  sugar.  Neither  does  gluten  become  saccha- 
rine matter  when  trsated  in  the  same  way.  But  if  a  mix- 
ture of  puza^  driedy  pulverised  wheat  gluten  and  potatoe 
stardi  be  infiised  in  hot  water,  the  starch  is  converted  into 
sugar.  During  the  process  an  acid  is  evolved.  The  gluten 
is  little  akered  in  appearance^  and  if  the  liquid  be  filtered 
most  of  it  retnains  upon  the  filter.  But  it  cannot  be  em* 
plogred  snccessfirfly  a  second  time  to  convert  starch  into 
sugar.  It  appears  then  that  it  is  some  substance  connected 
with  the  gluten  that  acts  upon  the  stsrdi,  and  converts  it 
intosogar.f 

The  essential  constituent  of  yeasty  then,  may  be  consi- 
dered as  a  spedes  of  j^uten,  difiering  in  several  respects 
finom  the  gluten  of  wheat.  When  mixed  with  the  wort, 
this  substance  acts  upon  the  saccharine  matter ;  the  tempera- 
ture rises,  carbonic  acid  is  disengaged,  and  the  saccharine 
matter  is  converted  into  ale.  The  yeast  soon  collects  on 
the  top  of  the  liquid,  but  the  brewer  occasionally  mixes  it 
again  to  continue  the  fermentation.  The  quanti^  of  yeast 
employed  bdng  small,  the  saccharine  matter  is  but  imper^ 
Aie^  fectly  decomposed.    Hence  a  considerable  portion  of  it 

still  remains  in  the  ale,  and  gives  it  that  glutinousness  and 
body  for  which  it  is  remarkable.  The  specific  gravity  of 
ale  varies  very  much  according  to  the  original  strength  of 
the  wort,  and  the  extent  to  which  the  fermentation  has 
been  carried.  The  limits  may  be  stated  at  about  1*035  and 
1-012. 

The  properties  of  ale  are  so  well  known  that  no  descrip- 
tion is  deemed  necessary.    It  possesses  intoxicating  quaU- 

*  Theoardy  Ann.  de  Chim.  xlvi.  306. 
t  Schweigger's  Jour,  ziv.  3Q9. 
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tie%  and  holds  a  qnanti^  of  alcohol  hi  solution;   which  Cbap-lV^ 
yaries  considerably  according  to  the  original  strength  of  the  ^*v*"^ 
wort     I  distilled  a  quantity  of  London  brewed  ale.  •  The 
specific  gniTity  of  the  wort  was  1*0676.    The  specific  gra-  Alcohol  in 
vity  of  the  ale  was  1*0255.    One  hundred  parts  of  it  by  jj^** 
weaght  yielded 

9*554  parts  of  proof  spirit  of  specific  gravity  • .  0*91 985 
Or, 
5*817  parts  of  alcohol  of  the  specific  gravity  •  0*825 

Another  specimen  of  ale  was  distilled.  The  specific  gra- 
vity of  the  wort  was  1*0813.  The  specific  gravity  of  the 
ale  after  fermentation  was  1*02295.  One  hundred  parts  of 
it  by  weight  yielded 

11*13  parts  of  proof  spirit. 
6*92  parts  of  alcohol  of  the  specific  gravity  0*825.     • 

Mr.  Frande*  distilled  ale  and  brown  stout  porter.  The 
quantity  of  alcohol  which  he  extracted  fi'om  each  by  mea- 
sure was  as  ibUows : 

Brown  stout  •  •  6*80  per  cent 
Ale  ..*••••..  o*oo 

When  reduced  to  weight,  the  quantity  of  alcohol  of  the 
specific  gravity  0*825  obtained  from  each,  will  be  as  follows: 

Brown  stout  . .  5*61  per  cent 
Ale 7*33 

II.     WASH. 

Ale  being  intended  as  an  article  of  food,  and  its  value  de- 
pending in  a  great  measure  on  its  flavour  and  appearance^ 
particular  attention  is  paid  to  obtain  these  in  as  great  per- 
fiMrtion  as  possible.  But  there  is  another  species  of  ale 
which  is  brewed  by  the  distiUers  for  the  express  purpose  of 
procuring  firom  it  ardent  ^irits  by  a  subsequent  process. 
The  method  which  they  follow  is  in  several  respects  difier- 
ent  In  particular,  they  endeavour  to  carry  the  fermenta* 
lion  to  as  great  a  length  as  possible,  because  the  quantity 
of  spirits  is  proportional  to  the  saccharine  matter  decom- 
posed, whatever  remains  unaltered  yielding  none* .  It  is 

•  Phil.  Tnws.  1811,  p.  34S. 
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Mkiv.  hae,  tlMnfan^  tint dio eflkli of  faniail9tioii taa be beil 
obi6iT6d« 

1.  h  thb  oounfary  tbs  dntillando  nol  brew  from  purr 
9Mk;  tfiqr  use  ehie^  raw  gnisuf  The  pvoporticiD  of  melt 
inrietfioffl  a  third  to  a  todh  put  of  lltt  raw  grain  en- 
ployed.  Thii  mixtore  they  grind  to  meal,  infbie  with  water 
at  a  heat  ecHiaiderahly  lowier  than  that  of  Ihe  water  need  by 
the  brewery  and  employ  much  more  agitation  to  mix  it 
completely.,  The  wort  is  drown  off  and  coded  in  die  uraal 
way^  and  freah  water  ponred  cm  to  exhanst  the  grain. 

The  wort  thns  formed  is  not  to  tranflparent  as  tiiat  from 
malt,  but  its  tute  is  iiearly  as  sweet  It  wodd  appear, 
therefore^  that  the  starch  in  the  raw  grain  nndeigoes  a  cer* 
tain  change  during  the  mashing  and  is  brought  towards 
the  state  of  saccharine  matter. 

In  this  cooDtry,  wheve  the  duty  is  levied  chiefly  upon  the 
wQibj^  the  distillers  make  the  specific  gnurity  c^  thdr  wort 
as  high  as  from  1*084  to  1*110:  tlub  they  do  not  by  boiling^ 
but  hyhbhing;  that  is»  by  prqparing  a  strong  infusion  of 
the  flour  of  malt,  or  of  barley  and  malt  and  hot  water,  and 
adding  this  almost  saturated  sdutioli  se  the  wort  till  it  has 
acquired  the  requisite  strength.  Butin  Holland,  where  the 
duties  are  levied  in  a  different  way,  the  qpecific  grayi^  of 
the  wort  is  much  lower. 
Wtmmktk-  The  wort  thus  made  is  let  down  into  the  fermenting  tun 
^^  at  a  temperature  var]ring  from  5SP  to  70%  according  to  the 

quantity,  the  season,  &e  goodness  of  the  yeast,  and  the 
skill  of  the  distiller.  Here  it  is  mixed  successively  ¥dth 
considerable  portions  of  the  best  yeast  that  can  be  pro- 
cured, and  the  fermentation  is  uxged  as  far  as  it  can  be 
made  to  go.  The  process  lasts  about  ten  dayi^  and  die 
temperature  rises  usually  to  between  90°  and  100^,  and 
sometimes  even  higher.  Great  quantities  of  carbonic  add 
are  disengaged,  and  the  liquid  becomes  specifically  lighter; 
sometimes  sinking  to  1*000,  and  usually  to  from  1*007  to 
1*002.  The  success  of  the  fermentation  is  estimated  by  this 
loss  of  specific  gravity. 

The  wash  dius  prepared  is  disdlled.  What  comes  <r9et 
fint  is  doiominated  Unv  w'me^  and  is  concentrated  by  a  se* 
aond  distillation. 

•  This  b  tlie  aaiat  fjmia  to  the  Isnnsiitedl  wort  of  distillen. 
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This  fementation  is  obviaiuly  the*  donsequesiee  of  the  Cinp.  iv. 
acdon  of  the  peculiar  ferment  in  yeast  iipon  the  saocharioe  ^"^v*"^ 
iaatter  <if  the  wort.    Even  when  die  fermentation  is  carried  Aiwajrt  in* 
to  iu  greateit  extent,  it  does  not  appear  that  the  whole  ^^H^^^ 
solid  matter  held  in  solution  by  the  wort  is  decomposed* 
Nine  trials  were  made  npon  the  woit  of  pure  malt;  in  all  of 
them  the  ferm^tation  went  on  pretty  aocoessfiilly,  as  may 
be  seen  from  the  following  table : 

Specific  gnvitjr  Specific  grvntj 

of  the  wort.  of  the  wash. 

I'MO      1*0014 

1*056      1*0016 

1*050      1*000 

1*0492    1*0012 

1-0465    1*0045 

1*0*5      1*0047 

1*0465   1*0007 

1*051      1*0007 

1*0524    1*0004 


When  a  portion  of  these  difierant  liquids  was  evaporated 
to  dryness,  the  quantity  of  solid  matter  which  it  left  was 
found  to  amount  to  -^th,  at  an  average,  of  the  original  quan- 
tity. Thus  -J-ths  had  been  decomposed  by  the  fermentation^ 
and  4-th  still  remained.  This  matter  vras  still  capable  of 
fermentation,  when  redissolved  in  water  and  mixed  with 
fresh  yeast.  On  comparing  the  quantity  of  alcohol  of  0'825f 
obtained  in  these  trials  with  the  weight  of  solid  matter  of 
the  malt  which  had  been  decomposed  by  the  fermentatioOp 
the  result  was,  that  every  pound  weight  of  solid  matter,  so 
decomposed,  furnished  almost  exactly  half  a  pound  of  al- 
oohol,  of  the  specific  gravity  0*825. 

When  sugar,  dissolved  in  four  times  its  weight  of  water^ 
and  mixed  with  yeast,  is  placed  in  the.  proper  temperature^ 
it  ferments  precisely  as  wort  does,  and  yields  the  same  prf>- 
ducts.  It  has  been  employed,  therefore,  by  chemists  as  a  * 
less  complicated  means  of  ascertaining  the  phenomena  of 
fermentation.  Thenard  mixed  60  parts  of  yeast  with  300 
of  sugar,  and  fermented  th^m  in  the  temperature  of  59^. 
In  four  or  five  days,  he  informs  us,  that  all  the  saccharine 
matter  had  disappeared.*     The  quantity  of  carbonic  acid  Ptoduce. 

*  There  ig  reason  to  doubt  the  precision  of  this  asaerti^ii^  ^  it  nevc^ 
happens  in  the  great  scale,  where  every  Uui^  is  mupb  i^QSS  AvovrfJ)ku . 
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Book  nfr  efHvied  ttnoontedy  by  weight,  to  94f*6  psrti.  It  was  pay 
'  ftcdy  pne,  being  comidetely  absorbed  by  water.*  The 
ftmented  liqakl,  being  disdlled,  yidded  171*5  parts  of 
akoholy  of  the  ^lecific  grmty  *8!28.  When  the  residue 
of  the  distillation  was  evaporated,  18  parts  of  a  nanseous 
•eid  snb^tanoe  were  obtained.;  and  40  parts  of  the  yeast 
still  remained;  but,  iqpon  etsamination,  it  had  lost  the 
whole  of  its  asote.  TUs  experiment  gives  ns  die  fiillowiiiy 
quantities: 

1.  Subskmcesfermenied. 

m 

Sagsr •...  dOO 

Yeast 60 

800 

• 

S.  ProdudsqfJirmaUaiioiL, 

Akoh<dof*8SS 171*5 

Caibonic  add M*6f 

Nanseous  resUue  •  •  •  •  •    1S*0 
Residual  yeast —    40*0 

818-1 
Loss... 41*9 

But  as  the  nauseous  residue  and  residual  yeast,  nearly 
make  up  the  quantity  of  yeast  employed,  let  us  consider 
only  the  products  of  decomposed  sugar,  supposing  the  loss 
to  be  proportionally  divided  between  the  carbonic  acid  and 
alcohol.  Now  alcohol  of  the  specific  gravity  0*822  contains 
one  tenth  of  its  weight  of  water  which  can  be  separated  from 
it;  and  if  we  suppose  with  Saussure,  that  absolute  alcohol 
contains  8*8  per  cent,  of  water,  then  the  products  of  sugar 
decomposed  by  fermentation,  according  to  the  preceding 
experiment,  are  as  follows  i 

Alcohol 47*70 

Carbonic  acid  • .  S5'S4f 


88-04 


*  The  very  pungent  aromatic  odour  which  carbonic  acid  has  when  dis- 
SDgsged  ftom  the  ftroienting  tun  shows  that  it  contains  a  portion  of  the 
wA;  and  thb  hat  been  Terified  by  actual  experiment. 


Or  in  100  ports 

Alcohol    57*44 

Carbonic  add  •  •  42*56 


100*00 


This  result  approaches  so  nearly  that  of  Lavoisier,  that 
there  is  reason  to  suspect  that  the  coincidence  is  more  than 
aocidentaL 

We  have  found  reason  to  conclude  that  sugar  is  com* 

posed  of 

5  atoms  oxygen ....  ss  5 

6  atoms  carbon  •  •  •  •  =  4*5 

5  atoms  hydrogen  •  =  0*625 

10*125 
Alcohol  appears  to  be  a  compound  of 

1  atom  oxygen  •  •  •  •  a  i 
6  atoms  carbon    . .  ss  1*5 
d  atoms  hydrogen  ,  s  0*875 

2*875 
And  carbonic  acid  of 

2  atoms  oxygen  sa  l 
1  atom  carbon     =  1*5 


2*5 

>^ow  if  we  suppose  1  atom  of  sugar  and  1  atom  of  water 
to  be  decomposed  by  the  fermentation,  it  is  obvious,  that 
they  may  be  converted  into  2  atoms  of  alcohol  and  2  atoms 
of  carbonic  acid.  For  an  atom  of  alcohol  and  an  atom  of 
water  are  composed  of 

6  atoms  oxygen. 
6  atoms  carbon. 
6  atoms  hydrogen. 

Oxygen.       Ctrboo*     fiydngtM. 

2  atoms  of  alcohol  consist  of  •  •  2  atoms,  4  atoms,  6  atoms. 
2  atoms  of  carbonic  acid  of  . .  4  2 


fm 


Making  together    6 
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On  that  supposition,  the  weight  of  7    ^...^ 

the  alcohol  evolved  ought  to  be  3 
And  that  of  the  (rarbouic  acid 5'5 

Or  per  cent. 


Alcohol 51-12 

Carbonic  acid «  48*88 


100-00 


viThether  Fabrooi  found  that  the  gluten  of  wheat  acted  bat  imper- 
nec^ry  fcctly  as  a  ferment;  but  that  its  efficacy  was  much  improved 
for  fcrmcn-  by  the  addition  of  tartar.  Bertbollet  repeated  these  ex- 
periments  successfully.  He  ascribes  the  efficacy  of  tartar 
to  the  property  which  it  has  of  promoting  the  solubility  of 
the  gluten.  The  presence  of  an  acid  was  supposed  formerly 
to  be  necessary  for  fermentation ;  but  this  does  not  seem 
to  be  the  case.  It  is  true,  indeed,  that  an  acid  usually 
makes  its  appearance  during  fermentation.  The  formation 
of  this  acid  has  been  ascribed  to  the  action  of  the  yeast 
upon  the  mucilaginous  or  starchy  parts  of  the  wort :  but 
from  the  experiments  of  Fourcroy  and  Vauquelin,  it  ap- 
pears that  it  always  makes  its  appearance  when  wort  is  fer- 
mented without  any  yeast.  In  these  trials  they  obtained 
only  vinegar,  and  no  alcohol.  When  the  wort,  either  of 
raw  grain  or  of  malt,  is  fermented  at  the  temperature  of 
80°,  without  any  yeast,  the  gas  which  comes  over  consists 
of  one-half  carbonic  acid  and  one-half  hydrogen ;  but  at  a 
lower  temperature  pure  malt-wort  does  not  yield  any  in- 
6ainmable  gas.* 

III.   WINE. 

There  is  a  considerable  number  of  ripe  fruits  from  which 
a  sweet  liquor  may  be  expressed,  having  at  the  same  time 
Fruits  af-    a  certain  degree  of  acidity.     Of  such  fruits  we  have  in  this 
wfne?^        country  the  npple,  the  cherry,  the  gooseberry,  the   cur- 
rant, &c.  but  by  far  the  most  valuable  of  these  fruits  is  the 
grapCy  which  grows  luxuriantly  in  the  southern  parts  of 
Europe.     From  grapes,    fully  ripe,    may  be  expressed  a 
liquid  of  a  sweet  tiiste,  to  which  the  name  of  must  has  been 
Must.         given.      This  liquid   is  composed  almost  entirely  of  five 

*  Aim.  des  Mus.  dUist  vii,  16. 
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ingredleoto;  namely,  water j  sugar ^  jelly y  gluten^  and  tar^  ChBp.iv; 
taric  acid  partly  saturated  with  potash.  The  quantity  of 
sugar  which  grapes  fully  ripe  contain  is  very  considerable ; 
it  may  be  obtained  in  crystals  by  evaporating  must  to  the 
consistence  of  syrup,  separating  the  tartar  which  precipi- 
tates during  the  evaporation,  and  then  setting  the  must 
aside  for  some  months.  The  crystals  of  sugar  are  gradually 
formed.*  From  a  French  pint  of  must,  the  Marquis  de 
Buillion  extracted  half  an  ounce  (French)  of  sugar,  and 
7^  ounce  of  tartar,  f  According  to  Proust,  the  Muscadine 
grape  contains  about  30  per  cent  of  a  peculiar  species  of 
sugar.  ^ 

When  must  is  put  into  the  temperature  of  about  70°,  Undergoct 
the  difierent  ingredients  begin  to  act  upon  each  other,  and  {ermenu^ 
what  is  called  vinous  fermentation  commences.     The  phe-  tion. 
nomena  of  this  fermentation  are  an  intestine  motion  in  the 
liquid;  it  becomes  thick  and  muddy,  its  temperature  in- 
creases, and  carbonic  acid  gas  is  evolved.     In  short,  the 
very  same  changes  take  place  as  have  been  remarked  when 
describing  tlie  fermentation  of  ale.     In  a  few  days  the  fer- 
mentation ceases,  the  thick  part  subsides  to  the  bottom,  or 
rises  to  the  surface,  the  liquid  becomes  clear,  it  has  lost  its 
saccharine  taste,   and  assumed   a  new    one;    its  specific 
gravity  is  diminished ;  and  it  has  become  the  liquid  well 
Icnown  under  the  name  of  wine. 

As  this  fermentation  takes  place  without  adding  any  fer^ 
mentf  it  is  obvious  that  the  requisite  substance  is  present 
in  the  juice.  This  substance  was  separated,  and  found  by 
Fabroni  to  be  analogous  to  the  gluten  of  plants ;  and  gluten 
being  substituted  for  it,  the  fermentation  succeeded.  Fa* 
broni  has  shown  that  the  saccharine  part  of  must  resides  in 
the  cells  of  the  grapes ;  while  the  glutinous  matter,  or  fer» 
ment,  is  lodged  on  the  membranes  that  separate  the  cells. 
Hence  it  follows,  that  in  the  fruit  these  two  substances  are 
not  in  contact.  It  is  only  after  the  juice  is  squeezed  out 
that  they  are  mixed.  All  other  juices  which  undergo  a 
spontaneous  fermentation  at  the  requisite  temperature,  have 
been  shown  by  Thenard  and  Seguin  to  contain  a  similar 
substance.  The  formation  of  wine,  then,  is  owing  to  the 
action  of  this  glutinous  matter  on  the  saccharine  sub- 

«  BoUioD,  Jour.  d«  Pbyi.  ixix.  3.        f  Ibid.  p.  6.        t  Ibid.  Ui.  113. 
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Book  iv.^  stance  of  the  juice,  precisely  as  happens  in  the  fermentsk 
tion  of  ale, 

Gay-Lussac  has  shown  that  Ae  juice  of  grapes,  and  iir-' 
deed  the  juice  of  all  fruits  will  not  ferment,  if  completely 
excluded  from  the  air.  But  if  a  little  oxygen  gas  be  letup 
to  it,  this  gas  is  hnmediately  absorbed,  a  brisk  fermentation 
commences,  and  the  quantity  6f  carbonic  acid  gas  evolved 
is  100  times  as  great  as  that  of  the  oxygen  gas  absorbed.* 
It  would  be  curious  to  know  whether  the  same  thing  holds 
with  respect  to  the  wort  of  malt  It  is  not  improbable  that 
it  does ;  but  wort  ferments  so  imperfectly  without  the  addi- 
tion of  yeast,  that  it  would  not  be  easy  to  try  the  expert* 
ment. 

All  those  juices  of  fimits  which  undergo  the  vinous  fer« 
mentation,  either  with  or  without  the  addition  of  sugar, 
contain  an  acid.  We  hove  seen  already  in  the  First  Chap- 
ter, that  the  vegetable  adds  are  obtained  chiefly  from  fruits. 
The  apple,  for  instance,  contains  malic  acid;  the  lemon, 
citric  acid ;  the  grape,  tartaric  and  malic  acids.  The  Mar- 
quis de  Bullion  has  ascertained  that  must  will  not  ferment 
if  all  the  tartar  which  it  contuns  be  separated  fix>m  it;  but 
it  ferments  perfectly  well  on  restoring  that  saltf  The 
same  chemist  ascertained  that  the  strength  of  wine  is  con- 
siderably increased  by  adding  tartar  and  sugar  to  the  mustf 
We  may  conclude  from  these  facts,  that  the  presence  of  a 
vegetable  acid  is  of  importance  iu  these  spontaneous  fer- 
mentations. It  deserves  attention,  that  Bullion  obtained 
more  tartar  from  veijuice  than  from  wine ;  and  he  observed, 
that  the  more  the  proportion  of  sugar  in  grapes  increased, 
the  more  that  of  tartar  diminished.  § 

It  seems  more  than  probable,  from  the  experiments  of 
BuUion  and  Chaptal,  that  the  tartaric  acid  is  partly  decom- 
posed during  the  fermentation,  and  that  a  portion  of  malic 
acid  is  formed.  The  process,  therefore,  is  more  compli- 
cated than  was  suspected  by  Lavoisier.  It  is  obviously  ana- 
logous to  combustion,  as  is  evident  from  the  evolution  of 
caloric  and  the  formation  of  carbonic  acid,  which  is  a  pro- 
duct of  combustion.     Proust  has  ascertained  that,  during 

*  Ann.  de  Chim.  Ixxvi.  245. 

t  Jour.  d$  Phyt.  xxix.  4.     But  the  addition  of  salt  of  wood  sorrel  did 
not  restore  the  fermentation. 
I  Abb-  de  Chim.  xxxvi.  SO.  §  Jour,  de  Phjfs.  xxix.  4. 
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the  fermentation,  not  cmly  carbonic  acid,  but  azotic  gas  Chap.  iv. 
also^  is  disengaged.     This  is  a  demonstration  that  all  the 
oonstitaents  of  must  are  concerned;  for  sugar  does  not 
contain  that  principle.  *     Thenard  could  detect  no  azote  in 
the  carbcmic  acid  from  wort. 

After  the  fermentation  has  ceased,  the  liquor  is  put  into 
caslui  where  the  remainder  of  the  sugar  is  decomposed  fay 
a  slow  fermentation;  after  which  the  wine,  decanted  off 
the  extractive  matter,  is  put  up  in  bottles. 

The  properti^  of  wine  differ  very  much  from  each  other,  Component 
according  to  the  nature  of  the  grapes  from  which  the  must  ^^,^ 
was  extracted,  and  according  to  the  manner  in  which  the 
process  was  conducted,  l^ese  differences  are  too  well 
known  to  require  a  particular  description.  But  all  wines 
contain  less  or  more  of  the  following  ingredients;  not  to 
mention  water,  which  constitutes  a  very  great  proportion 
of  every  wine. 

1*  jin  Add* — ^AU  wines  give  a  red  colour  to  paper  An  acid, 
stained  with  turnsole,  and  of  coarse  contain  an  acid, 
Chaptal  has  ascertained  that  the  acid  found  in  greatest 
abundance  in  wine  is  the  malic^  but  he  found  traces  also 
of  citric  acid;  and  it  is  probable  that  wine  is  never  entirely 
destitute  of  tartar.  All  wines  which  have  the  property  of 
frothing  when  poured  into  a  glass  contain  also  carbonic 
acid,  to  which  they  owe  their  briskness.  This  is  the  case 
with  champagne.  These  wines  are  usually  weak ;  their  fer- 
mentation proceeds  slowly,  and  they  are  put  up  in  dose 
vessels  before  it  be  over.  Hence  they  retain  the  last  por« 
tions  of  carbonic  acid  that  have  been  evolved. 

2.  AlcohoU — All  wine  contains  less  or  more  of  this  prin«>  Aloohol^ 
dple,  to  which  it  is  indebted  for  its  strength ;  but  in  what 
particular  state  of  combination  it  exists  in  wine  cannot 
easily  be  ascertained.  It  is  undoubtedly  intimately  com- 
bing with  the  other  component  parts  of  wine ;  but  Mr. 
Brande  has  shown  by  very  decisive  experiments  that  all 
wines  contain  alcohol  ready  formed,  and  that  it  is  merely 
sqMurated  during  the  distillation  of  these  liquids,  and  not 
fixrmed  as  had  been  advanced  by  Fabroni.f  These  experi- 
ments were  afterwards  confirmed  by  Gay-Lussacj:    When 

•  Jour,  de  Phys.  Wu  118. 

t  Phil.  Trans.  1811,  p.  337 ;  and  1813,  p.  89. 

X  Ann.  de  Chim.  Izzxvi.  175. 
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Book  IV.  wine  is  distilled,  the  aloobol  readily  separstei.    The  distil^* 

^"""v^"^  kition  is  usually  continued  as  long  as  the  liquid  which 
comes  over  is  infiammaUe.  The  quantity  obtained  varies 
according  to  the  wine,  from  a  fourth  to  a  fourteenth  part  of 
the  wine  distilled.  The  spirit  thus  obtained  is  well  known 
under  the  name  of  brandy^  Bullion  has  observed,  that 
when  wine  is  distilled  new  it  yields  more  alcohol  than  if  it 
be  allowed  to  get  old.*  What  remains  after  this  distilla- 
tion is  distinguished  in  France  by  the  name  of  vmasse*  It 
consists  of  tartar,  &c*  and  when  evaporated  to  diynessi  and 
subjected  to  combustion,  yields  potash* 

Estnct,  3.  Extractive  matter* — This  matter  exists  in  all  wines : 
but  its  proportion  diminisbea  according  to  the  age  of  the 
wines,  as  it  gradually  precipitates  to  the  bottom. 

Oil,  ^.  Every  wine  is  distinguished  by  a  peculiar  fla^pur  and 

odour,  which  probably  depends  upon  the  presence  of  a 
volatile  oil,  so  small  in  quantity  that  it  cannot  be  separated. 

And  00-         5.  The  colouring  matter  of  winie  is  or^nally  contained 

matter!  ^  ^^  ^"^^  ^  ^®  g^V^  ^'^^  ^  ^^^  dissolved  tUl  the  alco- 
hol be  developed.  This  matter  is  analogous  to  the  other 
colouring  matters  of  plants :  a  set  of  bodies  possessed  of 
remarkable  properties,  but  too  litde  examined  hitherto  to 
be  introduced  with  much  advantage  into  a  System  of  Che- 
mistry. This  colouring  matter  precipitates  when  the  wine 
is  exposed  to  the  heat  of  the  sun.  It  sometimes  also  pre- 
cipitates in  old  wine^  and  it  may  be  easily  separated  by 
pouring  lime-water  into  wine.f 

The  following  table,  containing  the  different  substances 
which  Neumann  extracted  from  various  wines,  is  worth 
preserving.  J 

♦  Jour,  de  Phys.  xxix.  6. 

f  Tlie  most  precise  account  of  wine  and  of  the  vinous  fermentation, 
hitherto  published,  is  by  Chaptal,  and  is  contained  in  the  36th  and  STtb 
Tolumes  of  the  Ann.  de  Chim. 

I  Neumann's  Chemistry,  p.  447. 
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A  quart  of 
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1 
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Bai^gondy  •  •  • 
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Vino  de      "^ 
Monte       >  2 
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Chap.  IV. 
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402 
00J2 
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1 
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0 
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2 
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001   10 


00 
00 


0 
0 


2 
3 
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00 
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2 
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5 
2 
2 
9 
8 
9 
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0 
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2 
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0 
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2     7 
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6  00 
0     20 


4 
3 
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6 
0 
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3 


0 

4 
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5 


30 
00 
20 
80 
00 
20 
00 


2     00 


6     000     3     OOt)     2     40.2     8     0     20 


10 
00 
00 
00 


0  40 

5  40 

1  06 
4  00 
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3  06 
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To  this  head  belong  not  only  common  wine,  but  all  the 
intoxicating  liquors  made  from  vegetable  juices ;  as  cyder 
from  apples,  perry  from  pears,  airrant  wine,  &c  likewise 
the  liquor  maide  from  the  juice  of  the  sugar  cane,  the  sugar 
maple,  &c 

I  shall  here  subjoin  a  table  of  the  quantity  of  alcohol  by 
measure  of  the  specific  gravity  0*825  which  different  wines 
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.Rut. 


IXtto. . 
Pitto.. 
pitto.. 


JNtto.. 


'  Shany 

IMOo 

'  INtto.. 

Ditto. 

Clant 

DUto. 

Ditto... 

ColcBTella. ,..:.,. 
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Stslaca .......... 

Ditto,    kept   since 


Bucellaa 

Red  Madeira 

Malmsry  Madeira. 

MilTGaliL  .1  ......  ■ 


rttem. 
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S6'00 

lunula 

84*00 

Pitio 

Sl-M 

Ditto...... 

n-so 

RfldCfamp^M.. 

,  ll-SO 
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1  ino 

M-ri 
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M^tS 
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WM 
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18-U 
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Syracus. 

15-8S 

Nice 

18-94 

T»l«y 

9-88 

17-«6 

Ruain  Wine 

85-77 

Grape  Wine. ..... 

18-11 

18-00 

Currant  Wine.... 

80-55 

18-49 

Gooieherty  Wine. 

U-84 

18-40 

Elder  Wine 

9-87 

16-40 

Cyder 

,     9-87 

85-87 

Perry 

9-87 

•  PbU.  Trtnt.  1811,  p  345;  1813,  p.  87.  Joanwl  of  tte  Bojil  Ia» 
ititntioii,  i.  130, 
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SECT.  n.  Chiip.1V. 

OF  THE   ACETOUS   FERMENTATION* 

If  wine  or  beer  be  kept  in  a  temperature  between  70®  Wine  fefw 
and  90%  it  gradually  becomes  thick,  its  temperature  aug-  S^^J^^ 
mentis  filaments  are  seen  moving  through  it  in  every  direo-  lour. 
tioiii  and  a  kind  of  hissing  noise  may  be  distinguished. 
These  intestine  motions  gradually  disappear,  the  filaments 
attach  themselves  to  the  sides  and  bottom  of  the  vessel,  and 
the  liquor  becomes  transparent.     But  it  has  now  lost  its 
former  properties,  and  is  converted  into  acetous  acid.     This 
intestine  decomposition  has  been  long  distinguished  by  the 
name  of  acetous  fermentation^  because  its  product  is  acetic 
acid.    That  this  fermentation  may  take  place,  certain  con- 
ditions must  be  attended  to.    The  most  important  of  these 
'will  a];q>ear  from  the  following  observations : 

1.  Neither  pure  alcohol,  nor  alcohol  diluted  with  water.  Alcohol  not 
is  susceptible  of  this  change.     The  weaker  the  wine  or  the  ^Jf^JJ^*^^ 
beer  is  on  whicli  the  experiment  is  made,  the  more  readily  chtagB. 

it  is  converted  into  vinegar :  the  stronger  they  are  they 
resist  the  change  with  the  greater  obstinacy.  But  it  results 
from  the  experiments  of  B^her,  that  strong  wines,  when 
they  are  made  to  undergo  the  acetous  fermentation,  yield  a 
much  better  and  stronger  vinegar  than  weak  wines.  Hence 
it  follows  that  alcohol,  though  of  itself  it  refuses  to  undergo 
the  diange,  yet  when  other  bodies  are  present  which  readily 
ferment,  is  decomposed  during  the  process,  and  contributes 
to  the  formation  of  the  acetic  acid« 

2.  Wine,  entirely  deprived  of  glutinous  matter,  either  dutinoat 
by  spontaneous  deposition  or  by  clarification,  does  not°^^'"^' 
undergo  the  acetous  fermentation,  unless  some  mucilaginous 
matter  be  mixed  with  it.  Chaptal  exposed  old  wine  desti- 
tute of  this  matter,  in  open  bottles,  to  the  greatest  summer 
heat  of  Montpelier  for  40  days,  and  yet  it  did  not  become 
sour :  but  upon  adding  some  vine  leaves  to  the  same  wine, 
it  became  acid  in  a  few  days.*  When  the  water  in  which 
gluten  of  wheat  has  been  allowed  to  ferment  is  mixed  with 
togar,  the  liquid  is  converted  into  vinegar  without  fermen- 
iatioiiy  without  effervescence^  and  without  the  contact  of 

*  Ann.  de  Cium.  jxvri,  S45. 
S 
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Book  IV.  air.*    The  nature  of  this  curious  change  has  not  been  ex-. 
^*"*v*^  plained. 

Ctibonic  3.  Wine  never  becomes  sour,  provided  it  be  completely 
^  form-  deprived  of  all  access  to  atmospheric  air.  The  reason  is, 
that  during  the  acetous  fermentation  the  oxygen  of  the 
atmosphere  is  partly  converted  into  carbonic  acid.  It  was 
supposed  to  have  been  absorbed ;  but  the  late  experiments 
of  Saussure  have  shown  that  this  is  not  tlie  case.  He  found, 
that  when  wine  was  converted  into  vinegar  in  a  given  por- 
tion of  air,  the  bulk  was  not  diminished ;  the  quantity  of 
carbonic  acid  just  compensating  the  oxygen  which  had  dis- 
appeared, excepting  in  as  &r  as  that  carbonic  acid  was 
absorbed  by  the  liquid.  The  quantity  of  carbonic  acid 
formed  during  this  conversion  of  wine  into  vinegar  does 
not  seem  to  be  great ;  amounting,  in  Saussure's  trials,  to 
about  twice  the  bulk  of  the  winct  Hence  the  reason  that 
wine  or  beer  is  apt  to  become  sour  after  the  cork  has  been 
drawn,  and  still  more  apt  when  part  has  been  poured  out 
of  the  bottle. 
A  certain  ^'  A  pretty  high  temperatui*e  is  necessary  for  the  com- 
tempera-  mencement  of  the  acetous  fermentation.  Wine  or  beer 
ed!*  '"^"""  (unless  very  weak)  scarcely  becomes  sour  under  the  tempe- 
rature of  65°  or  70°.  The  fermentation  is  very  apt  to  com- 
mence wlien  the  temperature  suddenly  rises.  It  is  said,  too, 
that  wine  and  beer  are  more  apt  to  become  sour  at  certain 
seasons  of  the  year  than  at  others. 

The  vinegar  makers  in  this  country  keep  their  wash  in 
stoves,  heated  to  about  the  temperature  of  80^,  till  the 
change  is  completed.  From  the  experiments  of  Fourcroy 
and  Vauquelin,  it  appears  that  vinegar  made  from  grain 
holds  in  solution  a  quantity  of  gluten,  and  th^t  a  great  part 
of  it  is  separated  by  heating  the  vinegar  boiling  hot.  This 
separation  prevents  the  vinegar  from  being  so  apt  to  spoil. 
Effects  of  5.  When  the  jfcetous  fermentation  is  completed,  the 
the  fcrnicn-  whole  of  the  mallc  acid  originally  contained  in  the  wine  has 
disappeared  as  well  as  the  alcohol.  We  must  conclude, 
therefore,  that  they  have  been  both  converted  into  acetic 
acid.  Part  of  the  glutinous  matter  has  also  undergone  the 
same  change,  and  seems  indeed  to  have  been  the  substance 

•  Fourcroy  and  Vaiiquelin,  Ann.  de  Mus.  d*Hist.  Nat.  vii.  4. 
t  liecherches  Chimiquc  sur  la  Vegetation,  p.  144. 
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that  fint  began  the  change.     Part  of  it  is  deposited  in  the  Chap.  \Y. 
state  of  flakes ;  part  remains  in  solution,  and  disposes  the  ^^^-v*^ 
▼inegar  to  decomposition.     Vinegar  also  contains  a  little 
tartar,  and  probably  also  citric  acid*     Malic  acid  is  also 
found  in  new  vinegar ;  a  proof  that  this  part  of  the  wine  is 
the  last  to  undergo  the  acetous  fermentation. 

6.  From  the  experiments  of  Cadet  it  appears,  that  sugar 
IS  the  essential  constituent  in  liquors  to  be  converted  into 
▼inegar,  and  that  the  quantity  of  vinegar  formed  is  pro|)oiw 
tional  to  the  sugar.  But  if  the  sugar  exceed  an  eighth  part 
of  the  liquid,  the  whole  is  not  decomposed.  Seven  watei^ 
one  sugar,  and  some  yeasty  ferment  in  a  proper  temperature^ 
and  form  an  excellent  vinegar.^ 

7.  Acetic  acid  is  formed  in  many  other  cases  of  the  Acetic  wid 
decomposition  of  vegetables  besides  the  acetous  fermenta*  o^^/pi^ 
tioQ.     These  have  been  pointed  out  with  much  ingenuity  cesses. 

by  Vauquelin  and  Fourcroy.  They  may  be  reduced  under 
three  heads.  First,  when  sugar,  gum,  wood,  &c.  are  dis- 
tilled in  a  retort,  or  even  burnt  in  the  open  fire,  acetic  acid 
aepanftes  in  combination  with  an  empyreumatic  oil,  which 
gives  it  a  peculiar  odour.  Hence  it  was  mistaken  for  other 
acids,  and  distinguished  by  the  names  of  pyromuookiSj  pyro^ 
UgmniSj  addsy  tiU  its  real  name  was  ascertained  by  these 
distingukhed  chemists-f  Secondly,  when  concentrated 
sulphuric  acid  is  poured  upon  the  same  vegetable  bodies, 
they  are  decomposed  in  a  very  diCTerent  manner;  being 
converted  into  water,  charcoal,  and  acetic  acid.  Thirdly, 
acetic  add  is  evolved  in  considerable  quanti^  dnring  the 
spontaneous  decomposition  of  urine  and  some  other  animal 
substances.  Tlius  it  appears  that  the  component  parts  of 
acetic  acid  ar^  extremely  apt  to  combine  together  in  thoK 
fircqportions  which  constitute  that  important  acid. 


SECT.  in. 

OF  PUTRIFACTION. 


Aix  vc^table  substances,  both  complete  plants  and  their  Nature  of 
component  parts  separately,  when  left  entirely  to  them-  ^^''^ 

*  AoQ.  de  Chim.  Ixii.  348.  t  ll>i<i*  xxxv.  83. 
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moisture  be  present,  and  the  temperature  be  not  much 
under  45%  nor  too  high  to  evaporate  suddenly  all  the 
moisture.  This  deo(»nposition  has  obtained  the  name  of 
putrifaction. 

It  proceeds  with  most  rapidity  in  the  open  air;  but  the 
contact  of  air  is  not  absolutely  necessary.  Water  is  in  all 
cases  essential  to  the  process,  and  therefore  is  most  proba^ 
Uy  decomposed. 

Putrifiu^tion  is  constantly  attended  with  a  fetid  odour, 
o?ring  to  the  emission  of  certain  gaseous  matters,  which 
diSer  according  to  the  putrifying  substance.  Some  vege- 
table  substances,  as  gluten  and  cruciform  plants,  emit  am- 
monia ;  others,  as  onions,  seem  to  emit  phosphureted  hy- 
drogen gas.  Carbonic  acid  gas  and  hydrogen  gas,  impreg- 
nated with  unknown  v^etable  matters,  are  almost  con- 
stantly emitted  in  abundance.  From  the  experiments  of 
Saussure^  we  learn,  that  when  moist  wood  is  left  exposed 
to  the  air,  a  portion  of  the  oxygen  of  the  atmosphere  is  con- 
verted into  carbonic  acid;  for  die  quantity  of  this  acid  formed 
is  just  equal  to  the  bulk  of  the  oxygen  which  disappears. 
When  the  experiment  is  made  under  receivers,  no  other 
gas  can  be  detected  except  carbonic  acid ;  but  in  the  open 
air  the  wood  loses  a  much  greater  proportion  of  its  weight 
than  can  be  accounted  for  by  the  carbon  thus  abstracted. 
This  he  ascribes  to  the  escape  of  oxygen  and  hydrogen 
under  the  form  of  water.  Hence  the  quantity  of  carbon  in 
a  given  weight  of  rotten  wood  is  greater  than  in  the  same 
weight  of  fresh;  but  when  the  putrifaction  goes  on  in 
water  without  the  contact  of  air,  the  wood  becomes  white 
and  light,  and  contains  a  smaller  proportion  of  carbon  than 
when  fresh.*  The  nature  and  constituents  of  vegetable 
mould,  as  far  as  known,  have  been  detailed  in  the  preced- 
ing Chapter.  Our  chemical  knowledge  of  vegetable  com- 
pounds is  still  by  far  too  limited  to  enable  us  to  follow  this 
very  complicated  process  of  putrifaction  with  any  chance 
of  success. 

*  Becherches  Chimique  sur  la  Vegetation. 
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OF  ANIMALS. 

Whsn  we  compare  animals  and  vegetables  together,  AnUnab 
each  in  their  most  perfect  state,  nothing  can  be  easier  than  ^|^ 
to  distinguish  them.  The  plant  is  confined  to  a  particular 
spot,  and  exhibits  no  mark  of  consciousness  or  intelligence ; 
the  animal,  on  the  contrary,  can  remove  at  pleasure  from 
one  place  to  another,  is  possessed  of  consciousness,  and  a 
high  degree  of  intelligence.  But  on  approaching  the  con- 
tiguous extremities  of  the  animal  and  vegetable  kingcfom, 
these  striking  difierences  gradually  disappear,  the  objects 
acquire  a  greater  degree  of  resemblance,  and  at  last  ap- 
proach each  other  so  nearly,  that  it  is  scarcely  possible  to 
decide  whether  some  of  those  species  which  are  situated  on 
the  very  boundary  belong  to  the  animal  or  vegetable 
kingdom. 

To  draw  a  line  of  distinction,  then,  between  animals  and  Not  ea»\f 
v^etables,  would  be  a  very  difficult  task:  but  it  is  not ^^^°«""*** 
necessary  at  present  to  attempt  it ;  for  almost  the  only  ani- 
mals whose  bodies  have  been  hitherto  exanuned  with  any 
degree  of  chemical  accuracy,  belong  to  the  most  perfect 
classes,  and  consequently  arc  in  no  danger  of  being  con- 
founded with  plants.  Indeed,  the  greater  number  of  facts 
which  I  have  to  relate  apply  only  to  the  human  body,  and 
to  those  of  a  few  domestic  animals.  The  task  of  analysing 
all  animal  bodies  is  immense,  and  must  be  the  work  of  ages 
of  indefatigable  industry. 

This  part  of  the  subject  naturally  divides  itself  into  four 
Chapters.  In  the  First  Chapter,  I  shall  give  an  account 
of  the  different  ingredients  hitherto  found  in  animals,  such 
of  them  at  least  as  have  been  examined  with  any  degree  of 
accuracy:  in  the  second,  I  shall  treat  of  the  different 
members  of  which  animal  bodies  are  composed ;  which  most 
consist  each  of  various  combinations  of  the  ingredients  de- 
scribed in  the  first  Chapter :  in  the  third,  I  shall  treat  of 
those  animal  functions  which  may  be  elucidated  by  che- 
mistry :  and,  in  the  fourth,  of  the  changes  which  animal 
bodies  imdergo  fA/sr  death. 
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Book  V.  CHAP.   I. 

OF  ANIMAL  SUBSTANCES. 

The  substances  which  have  been  hither  detected  in  the 
animal  kingdom,  and  of  which  the  different  parts  of  ani- 
mals, as  far  as  these  parts  have  been  analysed,  are  found  to 
be  composed,  may  be  arranged  under  the  following  heads : 

1.  Gelatin.  10.  Cantharidin. 

2.  Albumen.  11.  Cochenealin. 

3.  Fibrin.  12.  Oils. 

4.  Colouring  matter   of      13.  Resins, 
blood.  14.  Sulphur. 

5.  Mucus.  15.  Phosphorus. 

6.  Osmazome.  16.  Acids. 

7.  Picromel.  17.  Alkalies. 

8.  Urea.  18.  Earths. 

9.  Sugar.  19.  Metals. 

These  substances  shall  from  the  subject  of  the  following 
sections. 


SECT.  I. 

OF    GELATIN. 


How  ob-  I.  If  a  piece  of  the  fresh  skin  of  an  animal,  an  ox,  for 
tained.  instance,  after  the  hair  and  every  impurity  is  careftilly  sepa^ 
rated,  be  washed  repeatedly  in  cold  water  till  the  liquid 
ceases  to  be  coloured,  or  to  abstract  any  thing;  if  the  bkin, 
thus  purified,  be  put  into  a  quantity  of  pure  water,  and 
boiled  for  some  time,  part  of  it  will  be  dissolved.  Let  the 
decoction  be  slowly  evaporated  till  it  is  reduced  to  a  small 
quantity,  and  then  put  aside  to  cool.  When  cold,  it  will 
be  found  to  have  assumed  a  solid  form,  and  to  resemble 
precisely  that  tremulous  substance  well  known  to  every 
body  under  the  name  oi  jelly.  This  is  the  substance  called 
in  chemistry  gelatin.  If  the  evaporation  be  still  farther 
continued,  by  exposing  the  jelly  to  dr}-  air,  it  becomes  hard, 
semi  transparent,  breaks  with  a  glassy  fracture,  and  is  in 
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short  the  lobstance  so  much  employed  in  the  different  arts   Chip.  L 
under  the  name  of  glue.     Gelatin,  then,  is  precisely  the  ^— v*^ 
same  with  glue ;  only  that  it  must  be  supposed  always  free 
fiom  those  impurities  with  which  glue  is  so  often  con* 
taminated. 

S.  Gelatin  is  semitransparent  and  colourless  when  pure.  Propertict. 
Its  consistency  and  hardness  vary  considerably.     The  best 
kinds  are  very  hard,  brittle,  and  break  with  a  glassy  firao- 
tore.    Its  taste  is  insipid,  and  it  has  no  smell. 

When  thrown  into  water  it  swells  very  much,  but 
does  not  readily  dissolve ;  and  when  taken  out,  it  is  soft 
and  gelatinous ;  but  when  allowed  to  dry,  it  recovers  its 
-former  appearance.  If  it  be  put  in  this  gelatinous  state 
mto  warm  water,  it  very  soon  dissolves,  and  forms  a  solu- 
tion of  an  opal  ccdonr,  and  die  more  opaque  according  to 
the  quantity  of  gelatin  which  it  contains.  Tremulous 
gelatin  dissolves  in  a  very  small  portion  of  hot  water ;  but 
as  the  solution  coeds,  it  gelatinizes  afresh.  If  this  solution, 
as  soon  as  it  assumes  the  tremulous  form,  be  mixed  with 
ocdd  water  and  shaken,  a  complete  solution  takes  place. 

From  the  experiments  of  Dr.  Bostock,  we  learn,  that 
when  one  part  of  isinglass  (which  is  nearly  pure  galatin) 
is  dissolved  in  100  parts  of  hot  water,  the  solution  on  cool- 
ing is  wholly  converted  into  a  jelly.  But  one  part  of  isin- 
glass, in  150  parts  of  water,  does  not  become  concrete; 
though  the  solution  is  to  a  certain  degree  gelatinous.* 

Dry  gelatin  undergoes  no  change  when  kept;  but  in 
the  gelatinous  state,  or  when  dissolved  in  water,  it  very  soon 
putrifies ;  an  acid  makes  its  appearance  in  the  first  place 
(probably  the  acetic,}  a  fetid  odour  is  exhaled,  and  aftte- 
wards  ammonia  is  formed. 

When  dry  gelatin  is  exposed  to  heat,  it  whitens,  curls 
ap  like  horn,  then  blackens,  and  gradually  consumes  to  a 
coal ;  but  tremulous  gelatin  first  melts,  assuming  a  black 
cokmr.  When  distilled,  it  yields,  like  most  animal  sub*  - 
stances,  a  watery  liquid  impregnated  with  ammonia,  and  a 
fetid  empyreumatic  oil ;  leaving  a  bulky  charcoal  of  difficult 
incineration.  It  is  by  no  means  a  very  combustible  sub» 
stance. 

3.  Acids  dissolve  gelatin  with  facility,  even  when  diluted.  Action  of 

acids, 
*  Nicholson's  Jour.  xi.  S50. 
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of  the  changes  product  upon  it  by  these  agents  except  by 
nitric  acid.  When  this  acid  is  digested  on  it,  a  small 
quantity  of  azotic  gas  is  disengaged,  then  abundance  of 
nitrous  gas ;  the  gelatin  is  dissolTed,  except  an  oily  matter 
which  appears  on  the  snrfiices,  and  converted  purtly  into 
oxalic  and  malic  acids.* 

Muriatic  acid  dissolres  glue  with  great  ease.  The  solu* 
tion  is  of  a  brown  colour,  and  still  continues  strongly  acid* 
It  gradually  lets  &11  a  white  powder.  This  solution  preci- 
pitates tan  in  great  abundance  firom  water;  and  may  be 
employed  with  advantage  to  detect  tan  when  an  alkali  con- 
ceals it.  Sulphuric  acid  acts  much  more  slowly.  The 
solution  is  brown,  and  gradually  deepens ;  sulphurous  acid 
is  exhaled  during  the  action  of  sulphuric  add  on  glue.  Nd- 
ther  sulphuric  nor  muriatic  add  occasion  any  change  in  the 
solution  of  glue  in  water. 

When  a  current  of  chlorine  gas  is  passed  through  a  solu^ 
tion  of  gelatin  in  water,  a  white  solid  matter  collects  on 
the  surface,  and  whitish  filaments  swim  through  the  liquids 
This  solid  matter,  when  separated  by  the  filter  and  purified, 
possesses  the  following  properties :  its  colour  is  white ;  it  is 
specifically  lighter  than  water;  it  has  little  or  no  taste; 
when  dried  in  the  open  air  it  falls  to  powder ;  it  is  not  solu- 
ble in  boiling  water ;  it  dissolves  in  hot  nitric  and  acetic 
adds,  but  precipitates  again  as  the  solution  cools;  when 
triturated  with  potash  it  emits  the  smell  of  ammonia;  it 
does  not  affect  vegetable  blues.t  Bouillon  La  Grange,  to 
whom  we  arc  indebted  for  these  facts,  has  given  the  gela- 
tin thus  altered  the  name  ofoxi/genized  gelatin. 
Ofallcalies  Alkalies  dissolve  gelatin  with  facility,  especially  when 
and  earths,  assisted  by  heat ;  but  the  solution  does  not  possess  the  pro- 
perties of  soap. 

None  of  the  earths  seem  to  combine  with  gelatin ;  at 
least  they  do  not  precipitate  it  fi*om  its  solution  in  water* 
The  following  table  exhibits  the  effect  of  different  earthy 
solutions  when  mixed  with  a  pretty  concentrated  solution  of 
common  glue : 

*  Scheele,  Crell's  Annals^  ii.  17.  £ng.  Trans. 

t  Bouillon  La  Grange,  Nicholson's  Jour.  xiii.  209l 
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Subttances.  Effects.  Chap.  I. 

L.ime  water No  change.  ^^— ,^^.— ^ 

StroDtum  water. . .  ^ No  change. 

Barnes  water \  ^.^"1  °}"^y-     .^^'^'P.'^-  ^^^ 

■^       wuupi ^     dissolved  by  acetic  acid. 

Muriate  of  barvtos The  same  as  the  lost. 

Silicated  potash No  change. 

Alumina  ted  potash No  change. 

Oxalate  of  ammonia  • . . . .   Became  milky. 
Phosphate  of  soda Became  slightly  milky. 

Tile  milkiness  produced  by  some  of  these  reagents  was 
not  owing  to  their  efiect  upon  the  gelatin,  but  upon  the 
lime  and  the  sulphuric  acid  which  it  contained. 

The  metals  m  their  pure  state  have  no  e£Fect  upon  gelar  Of  theme- 
tin  ;  but  several  of  tlie  metallic  oxides,  when  agitated  in  a  ^^  °*" 
solution  of  gelatin,  have  the  property  of  depriving  the 
water  of  the  greatest  part  of  that  body,  with  which  they 
form  an  insoluble  compound.  Several  of  the  metallic  salts 
likewise  precipitate  gelatin  from  water.  The  following 
table  exhibits  the  result  of  mixing  various  metallic  salts  with 
a  concentrated  solution  of  gelatin,  as  far  as  my  experiments 
have  gone : 

Metallic  solutioos.  Effects. 

rA  copious  yellowish-white  pre> 
Nitromuriate  of  gold  . . .  <      cipitate.      Soluble  by  adding 

L     water. 

Nitrate  of  silver Becomes  slightly  milky. 

Nitrate  of  mercury ^^  ^^  "'P'"'"  '^"'^y  P'^^P^" 

Corrosive  sublimate*  •  •  • .  A  copious  white  precipitate. 
Superpersulph.  of  mere.   •  Nochar^. 

r  Crystals  i)eoome  yellow,  white 
Diy  persulph.  of  mere.  •  .<      flakes  appear,  and  the  liquid 

L     becomes  transparent 
Pmssiate  of  mercury  ....  No  change. 

Pemitrate  of  copper  . ; .  •  No  change. 

Muriate  of  coroer Becomes  milky. 

Fntulphate  of  copper ....  No  change. 
Cqnrate  of  ammonia  ....  No  change. 

*  Dr.  Rostock,  in  his  excellent  paper  on  animal  fluids,  informs  os, 
dwt  a  solution  of  one  part  of  isinglass  in  100  parts  of  water  is  not  at^ 
footed  by  oorroeive  sublimate.  The  result  of  my  experiments  with  coro- 
moo  fgjivM  was  different ;  probably  qwing  to  the  impurity  of  that  subsunce. 
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Sulpliateofiroii*  ••••...  A  few  ydlow  flikes  qipear. 

Pernitrate  of  iron Asvuncs  a  pink  colonr. 

Permuriate  of  iron Becomes  green. 

Nitromuriateoftint  ••••  No  change. 
Permuriate  dT  tin Becomes  tlowly  milky. 

Nitrate  of  lead 
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potash  .. .. 
Plombate  of  lime 

Mnriateofanc •••  ModHOga 

Mnriate  of  antimony  ....  A  oooioas  flaky  preciiHtate* 
•     Tartar  emetic No  caange. 

Nitrate  of  binnnth  preci-'l  ir,^*^..^.^  ^nv^ 

jpitsble  by  water  :... //^^^*~"  "*^ 
Dittos  notprecipltaWeby7jj  ^1^^ 

water ^xwwuu^ps. 

Mnriate  of  arsenic  •..•••  Nodianga^ 

OfaleolioL  Gelatin  is  insolnbte  in  alooboL  "When  alcohol  is  mixed 
witha  solatbn  of  selatin,  the  mixture  becomes  milky;  but 
becomes  again  transparent  when  agitated,  unless  the  solu- 
tion be  concentrated,  and  the  quanti^  of  alcohol  consider- 
able. Gelatin  is  most  probably  equally  insoluble  in  ether ; 
though  I  believe  the  experiment  has  not  been  tried. 

Of  unnin.  When  the  solution  of  tannin  is  dropped  into  gelatin,  a 
copious  white  precipitate  appears,  which  soon  forms  an 
elastic  adhesive  mass,  not  unlike  v^etable  gluten.  This 
precipitate  is  composed  of  gelatin  and  tannin;  it  soon 
dries  in  the  open  air,  and  forms  a  brittle  resinous-like  sub- 
stance, insoluble  in  water,  capable  of  resisting  the  greater 
number  of  chemical  agents,  and  not  susceptible  of  putrifac- 
tion.  It  resembles  exactly  overtanned  leather.  The  pre- 
cipitate is  soluble  in  the  solution  of  gelatin,  as  Davy  first 
observed.  Neither  b  the  whole  tan  thrown  down,  unless 
the  solutions  both  of  tannin  and  gelatin  be  somewhat  con« 
centrated.  Tremulous  gelatin,  as  was  first  observed  by 
the  same  chemist,  does  not  precipitate  tannin;  but  if  we 

«  Partly  in  Uie  state  of  pmulpbmts.  f  Dissolved  in  slcohel. 

t  With  excess  of  add. 


GEUITIN.  403 

employ  a  solution  of  gelatin  so  strong  that  it  gelatinizes  Chap.  I. 
when  cold,  and  heat  it  till  it  becomes  quite  liquid,  it  answers  ^^^'V^^ 
best  of  all  for  throwing  down  tannin.  It  is  by  this  property 
of  forming  a  white  precipitate  with  tannin  that  gelatin  is 
usually  detected  in  animal  fluids.  It  is  not,  however,  a 
perfectly  decisive  test,  as  albumen  is  also  thrown  down  by 
tannin.  Dr.  Bostock  has  pointed  out  a  very  ingenious 
method  of  detecting  and  ascertaining  the  quantity  of  gela- 
tin contained  in  an  animal  fluid.  If  corrosive  sublimate 
produce  no  precipitate,  we  may  be  certain  of  the  absence  of 
albumen.  Then  the  infusion  of  galls  being  mixed  with  the 
liquid,  in  such  a  proportion  that  the  filtered  liquid  will 
neither  precipitate  infusion  of  galls,  or  the  animal  liquid 
under  examination,  a  precipitate  falls,  composed  of  about 
two  parts  tannin  and  three  parts  gelatin.  Hence  this 
precipitate,  dried  on  a  steam  bath,  and  multiplied  by  0% 
gives  us  the  weight  of  gelatin  in  the  liquid  examined  very 
nearly.* 

Gelatin  does  not,  properly  speaking,  combine  with  oils^ 
but  it  renders  them  miscible  with  water^  and  forms  a  kind 
of  emulsion. 

4.  From  the  effects  of  different  reagents  on  gelatin,  andComposi- 
from  the  decomposition  which  it  undergoes  when  heated,  ^^^ 
we  see  that  it  contains  carbon,  hydrogen,  azote,  and  oxygen. 
It  was  subjected  to  an  analysis  by  Gay-Lussac  and  Thenard^ 
who  burnt  it,  when  mixed^  with  chlorate  of  potash,  and 
ascertained  die  products.  According  to  their  experiments, 
its  constituents  are  as  follows : 

Carbon 47-881 

Oxygen 27*207 

Hydrogen 7'914 

Azote 16*99S 


100-000 1 
Not  being  possessed  of  any  definite  compound  of  gela- 
tin and  any  odier  substance  with  the  weight  of  which  we 

*  Bostodc,  Nicholson's  Jour.  ziv.  144.  From  the  latter  experiments 
of  Dr.  Bostock,  it  appears  that  the  compound  of  tannin  and  gelatin  dif^ 
fers  in  the  proportion  of  its  constituents  according  to  circumstances.  It 
does  DOty  thereifore,  furnish  us  with  a  method  of  detecting  the  quantity  of 
fslaciii  in  aointion.    Nicholson's  Jour.  xxi.  1. 

t  Kecbfffches  Phjsico-dumiqasfy  ii.  336. 
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BooiiT.^  an  already  acquainted,  it  ii  not  m  our  poaiery  firom  this 
analyiia,  to  determine  the  constitutioii  of  gelatin.  But  the 
smallest  number  of  atoms  which  oorreqpoiid  nearfy  with  the 
preceding  numbers,  is  the  following: 

15  atoms  carbon  .•••  s  ll*i5 •.  50tX> 

r^  6  atoms  oxygen ....  as    6t)0 26*67 

14  atoms  hydrogen  • .  ss    1*75 .  •  • 7*78 

Satomsczote a    5*50 «••  15*55 


•  •  c 
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5.  Gdadn,  like  all  other  oonstitnents  €ji  animal  bodies, 
is  susceptible  of  numerous  shades  of  variations  ui  its  proper* 
tiesi  and  of  course  is  divisahle  into  an  indefinite  number  of 
wpedm.  Several  of  these  hafe  been  long  known  and  maniH 
fiwtured  for  different  purposes:  and  many  curious  varieties 
have  been  pointed  out  by  Hatchett  in  his  admirable  I>isser- 
tations  on  Shell,  Bone^  and  Zoophytes,  poblished  in  the 
Philosq>hical  Transactions  for  1797  and  1800.  The  most 
important  species  are  the  ibUowing: 
Glat.  {lJ)Gbie.    Thb  wdl  known  substance  has  been  long  nm* 

nufiu^ured  in  most  countries,  and  employed,  to  cement 
pieces  ci  wood  together.  It  is  extracted  by  water  firom 
animal  substances,  and  differs  in  its  qualities  according  to 
the  substances  employed.  Bones,  muscles,  tendons,  liga- 
ments, membranes,  and  skins,  all  yield  it ;  but  the  quality 
is  best  when  skins  are  employed ;  and  those  of  old  animals 
yield  a  much  stronger  glue  than  those  of  young  animals. 
English  glue  is  considered  as  the  best,  owing  to  the  care 
with  which  it  is  made.  The  parings  of  hides,  pelts  from 
furriers,  the  hoofe  and  ears  of  horses,  oxen,  calves,  sheep, 
&x.  are  the  substances  from  which  it  is  extracted  in  Britain, 
and  quantities  of  these  substances  are  imported  for  the  pur- 
pose. They  are  first  digested  in  lime-water  to  clean  them, 
then  steeped  in  clean  water,  laid  in  a  heap  till  the  water 
runs  off*,  and  then  boiled  in  brass  caldrons  with  pure  water. 
The  impurities  are  skimmed  o£Pas  they  rise ;  and  when  the 
whole  is  dissolved,  a  little  alum  or  finely  powdered  lime  is 
thrown  in.  The  skimming  having  been  continued  for 
some  time,  the  whole  is  strained  through  baskets,  and  al- 
lowed to  settle.  The  clear  liquid  is  gently  poured  back 
into  the  ketde,  boiled  a  second  time,  and  skimmed  till  it  is 
reduced  to  the  proper  consistency.    It  is  then  poured  into 
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large  frames,  where  it  concretes  on  cooling  into  a  jelly.  It  ^Chap.  i.^ 
is  cut  by  a  spade  into  sqiMre  cakes,  which  are  again  cut  ^"V"^ 
by  means  of  a  wire  into  thin  slices ;  these  slices  are  put 
into  a  kind  of  coarse  net  work,  and  dried  in  the  open  air.* 
The  blest  glue  is  extremely  hard  and  brittle ;  it  has  a  dark 
brown  colour,  and  an  equal  degree  of  transparency  with- 
out black  spots.  When  put  into  cold  water,  it  swells  very 
much,  and  becomes  gelatinous,  but  does  not  dissolve.  When 
glue  is  soluble  in  cold  water,  it  is  a  proof  that  it  wants 
strength.  Dry  glu^  according  to  Dr.  Boscock,  contains 
10^  per  cent,  of  water.  He  thinks  also  that  it  contains  al- 
bumen. But  from  the  method  of  prq>aring  it  this  can 
hardly  be  suppo8ed.f 

(9.)  Size.  This  substance  differs  from  glue  in  being  co-  Size. 
lourless  and  more  transparent.  It  is  manufactured  in  the 
same  way,  but  with  more  care ;  eel  skins,  vellum,  parch- 
ment, some  kinds  of  white  leather,  and  the  skins  of  horses, 
<:ats,  rabbits,  are  the  substances  from  which  it  is  procured. 
It  is  commonly  inferior  to  glue  in  strength.  It  is  employed 
by  paper-makers  to  give  strength  to  that  article,' and  likewise 
by  linen  manufacturers,  gilders,  polishers,  painters,  &c.  j: 

(S.)  Isinglass.  This  substance  agrees  with  size  in  being  lsinglas<u 
transparent,  but  it  is  much  finer,  and  is  therefore  sometimes 
employed  as  an  article  of  food.  It  is  prepared  in  Russia 
fix>m  the  air-bladders  and  sounds  of  different  kinds  of  fish 
which  occur  in  the  mouths  of  large  rivers;  chiefly  different 
qiecies  of  accipenserj  as  the  sturio  stellalus,  huso  rutheniis^ 
and  likewise  the  sUuris  glanis.  The  bladder  is  taken  from 
the  fbh,  clean  washed,  the  exterior  membrane  separated, 
cut  lengthwise  and  formed  into  rolls,  and  then  dried  in  the 
open  air.  When  good,  isinglass  is  of  a  white  colour,  semi- 
transparent,  and  dry.  It  dissolves  in  water  with  more  diffi- 
culty than  glue,  probably  because  it  is  not  formed  originally 
by  solution.  From  the  analysis  of  isinglass  by  Hatchet^ 
we  learn  that  it  is  almost  completely  convertible  into  gela- 
tin by  solution  and  boiling.  Five  hundred  grains  of  it 
kft  by  incineration  1*5  grains  of  phosphate  of  soda,  mixed 
with  a  little  phosphate  of  lime. 

*  Clennel.    See  Johnson's  History  of  Animal  Chemistry,  i.  315. 

f  Nicholson's  Jour.  xiiv.  7. 

{  Clennel.    See  Johnson's  History  of  Animal  Chemistry^  i.  915. 
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Book  V4      A  GOttie  kind  of  iiingfaM  it  {yaepued  ftom  tea  #oltl■^ 

^  'v    '  porpoiaesi  tharlu,  cuUli  'fithf  whsLai^  ind  all  fish  witbonft 

mdet.    Tlie  heMl,  tail,  fiiM»  duu  df  dMK  an  boiled  in 

water,  tbe  liquid  nkimmed  and  fikered,  and  then  amcen* 

tteted  by  e?apocaiidn tiU  it  gditiAiaet  on  cooling.    Atthat 

degree  of  copceptPitwm  it  is  cait  on  flat  alaba  mod  cot  into 

taUeti.    Tbis  apedea  la  uaed  ibr  darl^Fing,  adflfening  ailkf 

aiaking  tdiddngf-plaafeer,  and  other  pnipoaeii* 

Sobnaneet      ^  GeUtin  eodpti  m  great  abundance  in  aniaMlsy  form* 

^^■^"C  log  ^  omatitnent  pan  nf  tbbfa:  aolid  parti.    It  fiitma  an 

eMential  pan  of  benetf  ligamehhj  .taiidotii^  jnembranea, 

tkin,  maaclei,  hair^  ftCb 

Um.  7.  Its  uses  are  very  nnmeroni.    In  the  alafce  ol  jdly  it 

ooBfltituteb  one  of  the  Aoit  nonriaUng  and  palataUe  qieciet 

of  food.    It  eonatilvtife  dlle  baaa  of  aonpafe    The  great  v»> 

rietyoTpvrpotettowhtdiitiaqipliedaithealate  of  glne^ 

liae^  and  iunglaM,  ate  wdl  known. 


SfitT.  IL 

OF  ALBUMEN. 


CoDtiined  The  eggs  of  fowls  Contain  two  very  difierent  subBtanees: 
>n  ^S**  a  yellow  oily-like  matter,  called  the  yolk  ;  and  a  colourleBS 
glossy  viscid  liquid,  distinguished  by  the  name  of  white. 
This  last  is  the  substance  which  chemists  have  agreed  to 
denominate  albumen.^  The  white  of  an  egg>  however,  is 
not  pure  albumen.  It  contains  also  some  mucus,  soda,  and 
sulphur:  but  as  albumen  is  never  found  perfectly  pure,  and 
as  no  method  is  known  of  separating  it  without  at  the  same 
time  altering  the  properties  of  the  albumen,  chemists  are 
obliged  to  examine  it  while  in  combination  with  these 
bodies* 

Albumen  dissolves  readily  in  water,  and  the  solution  has 
the  property  of  giving  a  green  colour  to  vegetable  blues,  in 

*  Fabricius  de  IchthyocoUa,  Jackson  on  British  Isinglass,  PhiL  Trans. 
.Uii.  and  Jolmsoo*$  Animal  Chemistry,  i.  331. 

-^  This  is  merely  tbe  Latin  term  for  the  white  of  an  egg.  It  was  fii^t 
introdooed  into  chemistiy  by  the  physiologistt. 
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of  the  soda  which  it  contmns.    When  albumen  Chap.  i. 
it  heated  to  the  temperature  of  165^,*  it  coagulates  into  a  Z^^^C'"^ 
white  solid  mass ;  the  consistency  of  which,   when  other  whra  hetf- 
things  are  equal,  depends,  in  some  measure,  on  the  time  ^* 
during  which  the  heat  was  applied.    The  coagulated  mass 
has  precisely  the  same  weight  that  it  had  while  fluid.   This 
property  of  coagulating  when  heated  is  characterisiie  of 
albumen,  and  distinguishes  it  from  other  bodies. 

The  taste  of  coagulated  albumen  is  quite  different  from 
that  of  liquid  albumen :  its  appearance,  too,  and  its  pro* 
perties,  are  entirely  dianged ;  for  it  is  no  longer  soluble^  as 
before,  either  in  hot  or  in  cold  water. 

The  coagulation  of  albumen  takes  place  even  though  air 
be  completely  excluded;  and  even  when  air  is  present  there 
is  no  absorption  of  it,  nor  does  albumen  in  coagulating 
change  its  volume.f  Acids  have  the  property  of  coagulat- 
ing albumen,  as  Scfaecle  ascertained.^  Alcohol  also  pro- 
duces, in  some  measure,  the  same  eifect.  Heai^  then,  aad$^ 
and  alcohalf  are  the  agents  which  may  be  anployed  to  coa- 
gulate albumen. 

It  is  remarkable^  that  if  albumen  be  diluted  with  a  suffi- 
cient quantity  of  water,  it  can  no  longer  be  coagulated  by 
any  of  these  agents.  Scheele  mixed  the  white  of  an  egg 
with  ten  times  its  weight  of  water,  and  then,  though  he 
even  boiled  the  liquid,  no  coagulum  appeared.  Acids,  in- 
deed, and  alcohol,  even  then  coagulated  it ;  but  they  also 
lose  their  power  if  the  albumen  be  diluted  with  a  much 
greater  quantity  of  water,  as  has  been  ascertained  by  many 
experiments.  Now,  when  water  is  poured  into  albnmeOy 
its  integrant  particles  must  be  farther  separated  from  each 
other,  and  their  distance  must  increase  with  the  quantity  of 
water  witii  which  they  are  diluted.  We  see,  therefore,  that 
albumen  ceases  to  coagulate  whenever  its  particles  are  sepBr 
Jited  from  each  other  beyond  a  certain  distance.  That  no 
other  change  is  produced,  appears  evident  from  this  cir- 
cumstance, that  whenever  the  watery  solution  of  albumen 
is  sufficiently  concentrated  by  evaporation,  coagulation 
takes  place,  upon  tlie  application  of  the  proper  agents,  pre* 
cisely  as  formerly. 


•  CuUen.  f  Carradori,  Ado.  de  Chini.  xxix.  98. 

t  Scheie,  ii.  58. 
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BoflkT.  It  6om  not  §ppmt  ifatt  the  dirtoiM  of  die ptiticks cf 
^  ■  V  '■'  albomen is duo^fed by CQagiilatMi;fcr OMgriatad  albuiieii 
occupies  precisely  the  seme  ssnriUe  ipeee  as. liquid  al- 
bumen.* 
ifM|Qify  Nowj  to  what'is  the  cnegnktien  off  albeoMn  owing?  We 
^1^^  can  conceive  no  dumge  to  take  plaice  fiom  a  state  off  K- 
qoidily  to  that  of  solidity,  without  some  change  m  >the 
figure  of  the  particles  of  the  body  whidi  has  undeigone 
that  diange.  Now  such  a  diange  may  take  place  dnee 
ways:  1.  The  figure  may-  be-  chiaiged  fay  the  addition  of 
some  new  mdecalei  to  eadi  off  the  mbleoilss  of  thq  body. 
8.  Some  molecules  nuy  be  afastiaelsd  fimn  every  integrant 
pardde  off  the  body.  S.  Or  the  molecules,  of  which  the 
integrant  partklcs  arecompdssdi  may  enter  into  new  com- 
biniUions,  and  form  new  integrant- partides^  vriiosefannis 
difierent  fimn  that  <rf^tlie  oU  iiitegrant  partides.  Some 
one  or  other  off  these  three  diings  must  talse  place  during 
the  coagulation  of  albumen. 

1;  Sdiede  and  Fourcroy  have  ascribed  the  coagnlatioa 
of  albumen  to  the  first  of  these  cansen,  namdy,  to  the  mAm 
dition  of  a  new  substance.  According  to  Sehede^  Mfortc  is 
the  substakice  which  is  added.  Fourcroy,  on  the  contrary^ 
affirms  that  it  is  oxygen. 
Axribnl  to  Scheele  supported  his  opinion  with  that  wondeiftd  ^^Vi^ 
^^^^  i  nuity  which  shone  so  eminently  in  every  thing  which  he 
did.  He  mixed  together  one  part  of  white  of  e^^  and  finir 
parts  of  water,  added  a  little  pure  alkali,  and  then  dn^iped 
in  as  much  muriatic  acid  as  was  sufficient  to  saturate  the 
alkali.  The  albumen  coagulated.  But  when  he  repeated 
the  experiment,  and  used  carbonate  of  alkali  instead  of 
pure  alkali,  no  coagulation  ^isued.  In  the  first  cas^  says 
he,  there  was  a  double  decomposition :  the  muriatic  acid 
separated  from  a  quantity  of  caloric  with  which  it  was  com- 
bined, and  nnitcd  with  the  alkali ;  while,  at  the  same  in- 
stant, the  caloric  of  the  acid  united  with  the  albumen,  and 
caused  it  to  coagulate.  The  same  combination  could  not 
take  place  when  the  alkaline  carbonate  was  used,  because 
the  carbonic  acid  gas  carried  ofi*  the  caloric,  for  which  it 
has  a  strong  affinity.t 
Tooxygeo.      Fourcroy  observes,  in  support  of  his  opinion,  that  the 

*  Ca^radori.  f  Scbeele^  ii.  58. 
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white  of  an  egg  is  not  at  first  capable  of  ferming  a  hard  Chap.  l- 
Goagnlom,  and  that  it  only  acqnires  that  proper^  by  ex- 
powre  to  the  atmoq>here.  It  is  well  known  that  the  white 
of  a  new  laid  egg  is  milky  after  boiling ;  and  that  if  the 
shell  be  covered  over  with  grease  to  exclude  the  external 
ur,  it  continues  long  in  that  state ;  whereas  the  white  of 
an  old  egg,  which  has  not  been  preserved  in  that  manner, 
forms  a  very  hard  tough  coagulum.  These  facts  are  im« 
doubted ;  and  they  render  it  exceedingly  probable,  that  al- 
bumen acquires  the  property  of  forming  a  hard  coagulum 
only  by  sbsorbing  oxygen :  but  they  by  no  means  prove 
that  coagulation  itself  is  owing  to  such  an  absorption.  And 
since  coagulation  takes  place  without  the  presence  of  air, 
and  since  no  air,  even  when  it  is  present,  is  absorbed,  this 
opinion  cannot  be  maintained  without  inconustency. 

^.  The  only  substance  which  can  be  supposed  to  leave 
albumen  during  coagulation,  since  it  does  not  lose  its 
weighty  is  caloric.  We  know  that  in  most  cases  where  a 
fluid  is  converted  into  a  solid,  caloric  is  actually  disengaged. 
It  is  extremely  probable,  then,  that  the  same  disengage- 
ment takes  place  here.  But  the  opinion  Has  not  been  con- 
firmed by  any  proof.  Fourcroy  indeed  says,  that  in  aft 
experiment  made  by  him,  the  thermometer  rose  a  great 
number  of  degrees.  But  as  no  other  person  has  ever  been 
able  to  observe  any  such  thing,  it  cannot  be  doubted  that 
this  philosopher  has  been  misled  by  some  circumstance  or 
other  to  which  he  did  not  attend.* 

S.  The  coagulation  of  albumen  resembles  exactly  what 
takes  place  when  concentrated  silicated  potash  is  exactly 
saturated  with  muriatic  acid.  The  mass  slowly  assumes  an 
opal  colour,  and  at  last  concretes  into  a  solid  gelatinous 
mass.  Now  this  jelly  consists  of  the  particles  of  silica 
combined  with  each  other,  and  with  a  certain  portion  of 
water.  These  particles  were  formerly  held  in  solution  by 
the  potash ;  that  is  to  say,  the  afiSnity  of  silica  for  potash 
was  superior  to  the  cohesive  force  which  exists  between  the 
particles  of  silica.  The  muriatic  acid,  by  saturating  the 
potash,  diminished  the  force  of  its  affinity  for  the  silica. 
The  cohesive  force  of  the  silica,  now  8U()crior,  causes  it  to 
combine  in  masses,  consisting  of  a  certain  portion  of  silica 

•  TlKmisoA's  Foaieroy,  iii,  271. 
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rnkt  St  {fodi  nntt  JUMwii  m  to'odhere  together, 
giveir  tte  wIkAb  myhtipoMrfeniL  ifcMed^^  like  Mm 
mmxm  to  tafce  phge  wkh  myta  to  die  dhmntiu  Itspar^ 
tidci^  oomhiiied  irilh.ivslw  and  also  with  eodat  are  all 
fept  -at  canal  dieCanoei  in  tfaeXcniids  tpiytrnw^  tiiia  a£BnitT 
joit  trfthmfftt  their  cohenfe  Addb  Bntwhcn  heatisap- 
nliedy  this  aflBnity  ik  diaiiuahed  by  the  additional  dastici^f 
crteadenqr  to  eqiarrte^  gifcn  to  the  water  anddieaoda. 
The  cohenon  of  the  alhianttij  now  superior,  canwt  its 
fNOtides  to  oombine  in  set^^'fimning  solid  bodiesi  ecjnally 
dislaiii  fiioto  each  dher,  apd  cohflring  together*  Henoe 
the  gektinems  fbrm,  and  the  solidity  of  die  coagaloiiif 
atwsjis  nifcfseiy .  prapomonai  to  tne  quanucy  at  waser 
present  Tlnis  it  appean,  Aat  whatever  diminkhins  the 
aAidty  betwesn  the  water;  and  sodat  and  die  allMiinen, 
occasions'  ili  Mgalation,  by  aUoaring  iti.  ooheshre  totem 
toaet/  -  -■• 

.'  AlhwHh.dien^'iscapahbdfcadstiag an  two  states;  the 
one  before  it  has  been  oo^golatel^  and  the  other  after 
it  has  nndeigone  ooagidatiBB.  As  properties  are  very  dif- 
iBreat  in  Mcfa.  It  irill  be  proper. diciefiare  to  conmder 
diem  separately. 
Unccnipi-  I.  Albumen  in  its  natural  state^  or  uncoagulated,  is  a 
glary  liquid,  having  little  taste  and  no  smell.  When  dried 
spontaneously,  or  in  a  low  beat,  it  becomes  a  brittle  trans- 
parent glassy-like  substance ;  which,  when  spread  thin  upon 
surfaces,  forms  a  yamish,  and  is  accordingly  employed 
by  bookbinders  for  that  purpose.  When  thus  dried  it  has 
a  considerable  resemblance  to  gum  arable,  to  which  also 
its  taste  is  similar.  The  white  of  an  egg  loses  about  -f-ths 
of  its  weight  in  drying.  It  is  still  soluble  in  water,  and 
forms  the  same  glary  liquid  as  before. 

From  the  experiments  of  Dr.  Bostock,  it  appears,  that 
when  one  part  of  this  dry  albumen  is  dissolved  in  nine  parts 
of  water,  the  solution  becomes  perfectly  solid  when  coagu- 
lated by  heat;  but  if  the  albumen  amounts  only  to  -^V^  ^^ 
the  liquid,  then,  though  coagulation  takes  places  the  liquid 
does  not  become  perfectly  solid,  but  may  be  poured  from 
one  vessel  to  another.* 

*  NidiolKm'ftJotit.aiT.  HI. 
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^Whea  one  grain  o£  albumen  is  dissolved  in  1000  grains  Chip.  i. 
of  water,  the  solution  becomes  cloudy  when  heated.*  s— y-— ^ 

Unooagnlated  albumen  soon  putrifles  unless  it  be  dried ;  Itlpfopc^ 
in  which  stste  it  does  not  tmdergo  Miy  change.    It  pu^  ^^ 
trifles  more  readily  when  dissolved  in  a  laif^e  quantiQr  of 
water  than  when  concentrated.     The  smell  of  white  of 
^g,  allowed  to  run  into  putrifaction,  resembles  that  of  ptis.f 

It  k  insoluble  in  alcohol  and  ether,  which  immediately 
ooegnlate  it,  unless  it  be  mixed  with  a  very  great  propor- 
don  of  water ;  in  which  case  even  acids  have  no  efkcU 

When  acids  are  poured  upon  it,  coagulation  takes  place  Action  of 
equally ;  but  several  of  them  have  the  property  of  dissolving  **^"^' 
it  again  when  assisted  by  heat.  This  at  least  is  the  case 
with  sulphuric  acid.  The  solution  is  of  a  green  colour, 
and  does  not  soon  blacken  even  when  boiled.  It  is  the 
case  also  with  nitric  acid,  and  probably  also  with  muriatic 
acid.  Nitric  acid  first  disengages  some  azotic  gas ;  then 
the  albumen  is  gradually  dissolved,  nitrous  gas  emitted, 
oxalic  and  malic  acids  formed,  and  a  thick  oUy  matter 
makes  its  appearance  on  the  surface. ;[ 

I  tried  the  effect  of  different  acids  upon  a  solnti(»i  con- 
sisting of  the  albumen  of  a  commonnsized  hen'a-egg  in 
about  a  pint  of  water,  and  filtered.  The  results  may  be 
seen  in  the  following  table : 

Acids.  Effects. 

..  Sulphuric  «:id {*;^»..'»jrSL'SS  *■" 

«■  M«ri.«c«id {^^^''sSfr.?,."""'  °^ 

A  very  copious  precipitate  of 
o    XT.'«^^  ^^:a  J      y^Uow  flakes  soon  falls  to  the 

3.  Nitnc  acid ^      )^xxom,  and  a  slight  efferves- 

cence  is  perceptible, 
r Assumes  a  beautiful  white  co- 

4b  Chlorine \      lour,    and  fine  white  flakes 

L     slowly  separate. 

S.SolphnK>«Bacid  ....{N°J^«§    Coagulate, in  12 

6.  A  weak  fluoric  acid  •  •  •  No  change. 

T.  Acetic  acid No  change. 

8.  Distilled  vinegar No  diange. 

•  Bostocky  Nicbobon's  Jour.  xi.  S47.  t  l^i'l'  xiv.  143. 

X  Scheele,  Crell's  Annals,  ii.  17.  Eng.  Trans. 
S  The  water  w«8  satttiatcd  with  the  acid. 


Jt^fj^,  raiiljWr  Jigrilyfc^^  4Mi|tnHiii| .  Aiit  AKHBiiihiifiiit<c»> 

^'*'*"°*,  ip.prater,  yf^pafqiil  iihMJpiiilrM  phiceg  fan  if  aeoinoeii- 
tral0di  ii^itt]Oii.or.|teei|^^  Jbe  trituniad  witli  alfamm 
for  aooie  .tii9^  wd  iihn  i|^^  died- 

famen  giiidn«%,Migwhfwt  ■  iori  jajthar:  gdatiaiwt ;  £ur.tlie 
^MgplMi  fait  1^  4t9il^.jnlMnriik^  to  Je%l;4  >  IlfntfkiaUy 
Bii^iiisi  and  «&  •  paMifidHrr|H9rfad^^ 
Uea  .?ii7  exatidy  tliaf  laaw^tbe^yia*.  ^Whaqpiledry  it 

,^,  v.;  hjfaifatkajjri tninipwp»^  .....    :  •  .^•  r -. .  t' • 

,,,!nb«i  fttit  of  the  dUfawlMrd^  faidiei  on  Oief  sdlntioiis 

of  alfamm  fa  water  w^  iia^aan  fi«ii  ite 

'liPtP  MiioMoii  oonditQljlfeMia  iiAte.tf  f|[g  dii|(£red  fa 

3!r]i|Kij4}|iW(Wliidi  a<e 


'I-;-'  8tiiiirtiaa>water ;.->#>•  ,i;iVW.'  ite-dwatga^- 
LMPa  a^rtar  ^ » >  ,^  «>  >  V4y,';i>^  Mb  rfawiyi>: 

'•fo^  Sai^^faMof  tti^(MifajMI%i»ii^^^ 

*    flDidiiiad pota&.vi... ••../•  N^ 

Aluminated  potash No  change. 

Tbiu  it  appears  that  none  of  the  eartJis  form  insoluble 

compounds  with  albumen ;  in  this  respect  they  resemble  the 

alkalies. 

Of  meuUic      The  case  is  very  different  with  the  metallic  oxides.    The 

^^*       fellowfag  table  exhibits  the  efiects  of  the  metallic  salts  on 

the  same  solution  of  albumen,  as  fiur  as  my  experiments  go. 

MettUicSalct.  Effects. 

r  A  copious  yellow  flaky  preci- 

1.  Kitromuriate  of  gold.  <      pitate,    redissolved  by  am* 

L     monia.* 

2.  Muriate  of  platinum  •  •  A  yellowish-white  precipitate. 

rA  copious  reddish-brown  pre- 
S.  Nitrate  of  silver  .•..-l      cipitate,  not  redisscdvea  by 

(.     ammonia. 

4.  Nitrate,  of  mercury  ...  A  white  precipitate. 
*  The  salt  had  a  riight  excess  of  acicL 


A]JIUJC£ir« 

Ifeollic  Salts.  EflRxts. 

5.  Corrosive  sublimate.  • .  A  liffht  white  predpitate. 

6.  Supersulph.  of  do  ...  •  A  white  precipitate. 

7.  Prussiate  of  do No  change. 

r  A  srcen  coagulnm,  redissolved 

^    n      -.    ^     r  J      Dv  addinir  more  of  the  cop- 

8.  Pemitrnte  of  copper.  M      ^^^   ^^^  ^^  ^^^^^  ^ 

^     comes  opaque. 

9.  Muriate  of  copper ....  A  copious  white  precipitate. 

10.  Persulphate  or  copper .  A  greenish  white  precipitate.^ 

rNo   change.      Muriatic    acid 

11.  Cuprate  of  ammonia.  <      renders  the  mixture  colour- 

C     less,  but  no  precipitate  lalls. 

12.  Sulphate  of  iron Brown  flakes  precipitate. 

13.  Persulphateof  dittoing  A  copious  dirty  white  preci- 
alcohol J      pitate. 

14.  Permuriate  of  iron. ...  No  change. 

15.  Pemitrate  of  iron  ....  No  precipitate.  Becomes  green. 

16*.  Permuriate  of  tin Becomes  slowly  milky. 

1 7.  Chlorate  of  lead A  copious  white  precipitate. 

18.  Acetate  of  lead The  same. 

19.  Nitrate  of  lead The  same. 

rNe  change;  but  muriatic  acid 

20.  Plumbate  of  potash . .  <      throws  down  a  copious  white 

L     precipitate. 

21.  Plumbate  of  lime  ....  No  change. 

22.  Muriate  of  zinc Becomes  slowly  very  milky. 

fA  white  precipitate,' which  does 

(^    acid. 

24.  Nitrate  of  antimony. . .  A  white  precipitate. 

25.  Muriate  of  arsenic ....  Becomes  slowly  milky. 

26.  Arseniate  of  potash .  • .  No  change. 

27.  Arseniate  of  cobalt  •  • .  No  change. 

28.  Prussiate  of  potash  ...  No  change. 

29.  Oxalate  of  ammonia. .  ?  ^  *^«*^^  f"'^,  precipitate  ap- 
K^iu^t^w  V*  iM^  «v»*u^    ^     p^j^  ^^^^  standmg  an  hour. 

Thus  we  see  that  every  metal  tried,  except  cobalt,  occa« 
sioned  a  precipitate;  but  no  precipitate  ever  appeared  when 
the  oxide  was  hdd  in  solution  by  an  alkali  or  earth.  Tiie 
efiect  of  the  metallic  salts  on  albumen  forms  a  striking  con- 
trast with  their  effect  on  gelatin. 
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Bode  v«       From  the  egq^^riments  of  Dr.  Bostock,  il  a{ypears  that  a 
^"^'^y^^  drop  of  the  saturated  solation  of  oorrouve  soblimat^  kt 
fidi  into  water  containing  t-oW^  V^  ^^  weight  of  albu- 
men, produces  an  evident  milkinessi  and  a  curdy  precipi- 
tate fiills.*     It  is  therefore  a  Tery  delicate  test  of  the  pre- 
sence of  albumen  in  anunal  fiuick,    I>r.  Bostock  has  pro- 
posed the  following  ingenious  method  of  estimating  the 
quantity  of  albumen  contained  in  an  animal  fluid :  Add  to 
the  fluid  a  quantity  of  corrosive    sublimate^   more  than 
sufficient  to  saturate  the  albumen»  then  heat  the  mixture. 
By  this  double  action  a  coagulnm  is  formed,  whicli  may  be 
separated  by  the  filter.     This  precipitate,  when  dry,  con- 
tains about  fths  of  its  weight  of  albumen.f 
Of  tin.  If  a  solution  of  tannin  be  poured  into  an  aqueous  sola- 

tion of  uncoagulated  albumen,  it  forms  with  it  a  very  co- 
pious yellow  precipitate  of  the  consistence  of  pitdi,  and 
insoluble  in  water.  This  precipitate  is  a  combination  of 
tannin  and  albumen.  When  dry  it  is  brittle^  like  over- 
tanned  leather,  and  is  not  susceptible  of  putriiraction. 
This  property  which  albumen  has  of  precipitating  with  tan- 
.  nin  was  discovered  by  Seguin4 

The  infusion  of  gidls  is  by  no  means  so  delicate  a  test  of 
the  presence  of  albumen  as  of  gelatin.    When  an  infusion 
of  galls  containing  2j-  per  cent  of  solid  matter,  and  water 
holding  ToW^  of  albumen  in  solution,  are  mixed  in  equal 
quantities,  no  efiect  is  produced  at  first,  but  after  some 
time  a  precipitating  matter  appears  and  slowly  subsides.  § 
Coagulated      IL  When  albumen  is  coagulated  either  by  heat,  alcohol, 
aibnmen.    ^j.  ^^ids,  it  is  an  opaque  substance  of  a  pearl-white  colour, 
tough,  and  of  a  sweetish  mucilaginous  taste.  It  is  no  longer 
soluble  in  water,  and  is  not  nearly  so  susceptible  crf'decom* 
Its  proper-  position  as  uncoagulated  albumen.     Mr.  Hatchett  kept  it 
*'^^  for  a  month  under  water,  and  yet  it  did  not  become  putrid. 

It  is  to  the  experiments  of  this  ingenious  chemist  that  we 
are  indebted  for  almost  eveiy  thing  at  present  known  rela- 
tive to  coagulated  albumen.  By  drying  it  in  the  tempera- 
ture of  212°,  he  converted  it  into  a  brittle  hard  yellow  sub- 
stance, semitransparent  like  hom.|| 

*  Nicholson's  Jour.  xi.  247.  f  Ibid.  xiv.  142. 

t  Ibid.  i.  272.  $  Bostock,  ibid.  p.  141. 

II  Hatchett,  Phil.  Trans.  1800. 


ALBUMEN.  41S 

"When  this  substance  was  digested  for  some  hours  in  chap.  i. 
water,  it  gradually  softened,  and  became  white  and  opaque  ^— v^*^ 
like  newly  ooainilated  albumen.     When  water  is  made  to  Action  of 
act  iqx>n  it  long,  a  small  portion  of  it  is  taken  up.    The        ' 
watei^  liquid  is  not  precipitated  by  the  infusion  of  tan ;  but 
nitromunate  of  tin  occasions  a  fisdnt  cloud.* 

According  to  Scheele,  the  mineral  acids,  when  greatly  ofacidt. 
diluted  with  water,  dissolve  a  portion  of  coagulated  albu* 
men,  which  is  thrown  down  again  by  the  same  acids  con- 
centrated, f 

When  coagulated  albumen  is  steqied  in  diluted  nitric  Chansed 
acid,  the  acid  in  about  four,  we^ks  b^ins  to  acquire  a  yel-  J^®  5***" 
low  tinge,  which  becomes  gradually  deeper;  but  the  albu« 
men^  though  it  becomes  more  opaque,  is  not  dissolved. 
The  yellow  acid^  when  saturated  with  ammonia,  becomes 
of  a  deep  orange  colour,  but  does  not  let  fall  any  precipi- 
tate. When  the  albumen,  thus  treated,  is  immersed  in 
ammonia,  the  liquid  assumes  a  deep  orange  colour,  inclin- 
ing to  blood  red.  The  albumen  is  dowly  dissolved,  and  the 
solution  has  a  deep  yellowish-brown  colour.  If  the  albu- 
men, after  being  steeped  in  nitric  acid,  be  washed  and  then 
boiled  in  water,  it  is  dissolved,  and  forms  a  pale  yellow 
liquid,  which  gelatinizes  when  properly  concentrated.  If 
the  gelatinous  mass  be  again  dissolved  in  boiling  water,  the 
solution  is  precipitated  by  tan  and  by  nitro-muriate  of  tin. 
Hence  we  see  that  nitric  add  has  the  property  of  converting 
coagulated  albumen  into  gelatine.  For  this  important  fact 
we  are  indebted  entirely  to  Mr.  Hatchett.^ 

Concentrated  nitric  acid  dissolves  coagulated  albumen 
tvith  effervescence,  especially  when  assisted  by  heat  It 
becomes  orange-brown  when  mixed  with  ammonia,  but  no 
precipitate  fidls.  § 

It  is  readily  dissolved  by  a  boiling  lixivium  of  potash,  Actiqn  of 
ammonia  is  disengaged,  and  an  animal  soap  is  formed.       ^^^ 
This  soap,  when  dissolved  in  water,  and  mixed  with  acetic 
or  muriatic  acids,  lets  £bl11  a  precipitate  which  is  of  a  sapon- 
aceous nature.    When  heated  gently  some  oil  flows  from 
it,  and  a  brownish  viscid  substance  remains.  ||    The  alkalies^ 

•  Hatchett,  Phil.  Trans.  1800.  t  Scheele,  ii.  57. 

:  Ilatchett,  PhiL  Traps.  1800.  §  Ibid.  ||  Ibid. 
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Book  V.   whai  diluted,  and  not  assisted  by  heat,  act  upon  it  slowly 
^^v*""^  and  imperfectly. 

These  properties  indicate  sufficiently  that  coagulated  al* 
bumen  is  a  very  different  substance  from  uncoagulated  al- 
bumen. During  the  coagulation  its  component  parts  must 
arrange  themselves  differently. 
ConpoM-  III.  From  the  efiects  of  nitric  acid  on  albumen  ;  and  its 
JJ^**"  products,  when  subjected  to  destructive  distiiiation,  it  has 
been  concluded  that  it  consists  of  carbon,  hydrogen,  azote, 
and  oxygen.  According  to  the  experiments  of  &Eiy-Lussac 
and  Tlienaid,  its  constituents  are  as  follows : 

Carbon  .  • 52*883 

Oxygen •  • .  23*872 

Hydrogen ......     7*540 

Azote 15*705 

100*000* 

The  smallest  number  of  atoms  that  agrees  with  the  pre- 
ceding analysis  nearly,  is  the  foUowing : 

17  atoms  carbon  • .  • .  =r  12*75    ....  53*40 

6  atoms  oxygen  ... .  =s     6*00   ....  25*13 

13  atonu  hydrogen  . .   =     1*625  ....     6*80 

2  atoms  azote =     3*50   ....  14*67 


23-875         100-00 

According  to  this  statement  it  differs  from  gelatin,  by 
containing  two  additional  atoms  of  carbon  and  having  one 
atom  fewer  of  hydrogen. 
Species  of       IV.  Like  all  other  animal  substances,  albumen  is  capable 
^*  of  existing  in  various  states  both  when  coagulated  and  un- 

coagulated, forming  a  number  of  distinct  species ;  but  they 
have  not  been  characterized  with  much  precision.  But  if 
the  curdy  part  of  milk  be  considered  as  an  albumen,  as  some 
chemists  do,  it  constitutes  a  species  essentially  distinct  from 
the  albumen  of  eggs  and  blood.  Coagulated  albumen  forms 
an  essential  part  of  bone  and  muscle ;  brain  perhaps  may 
be  considered  as  a  species  of  it,  and  so  may  the  lense  of 
the  eye.  Cartilage,  nails,  horns,  hair,  &c.  as  Hatchett  has 
shown,  arc  almost  entirely  composed  of  it ;  and  it  forms  the 

*  Recbercbes  Pbysico-cbimiques,  ii.  332. 
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membrmoiis  part  of  many  shells,  spongei,  &c.    In  short,   Ch«p.  i. 
it  is  one  of  the  most  general  and  important  of  the  anhnal 
aobstances. 

V.  The  property  which  albumen  has  of  being  coagulated 
by  heat  renders  it  a  rery  useful  substance  for  clarifying  li- 
quids. The  serum  of  blood,  white  of  egg,  or  any  liquid 
containing  it^  is  mixed  with  the  liquid  to  be  clarified,  and 
the  whole  is  then  heated*  The  albumen  coagulates,  and 
carries  down  with  it  the  floating  particles  which  rendered 
the  liquid  opaque. 


SECT.  lU. 

OF  FIBRIN. 

tr  a  quantity  of  blood,  newly  drawn  from  an  animal,  be  How  ob- 
allowed  to  remain  at  rest  for  some  time,  a  thick  red  clot  ***"•**• 
gradually  forms  in  it,  and  subsidesw     Separate  this  clot 
firom  the  rest  of  the  blood,  put  it  into  a  linen  doth,  and 
wash  it  repeatedly  in  water  till  it  ceases  to  give  out  any  co- 
lour or  taste  to  the  liquid ;  the  substance  which  remains 
after  this  process  is  denominated  fibrin.     It  has  been  long 
known  to  physicians  under  the  name  of  the  fibrous  pari  of 
the  bloodj  but  has  not  till  lately  been  accurately  described. 

It  may  be  procured  also  from  the  muscles  of  animals. 
Mr.  Hatchett,  to  whom  we  are  indebted  for  a  very  interest- 
ing set  of  experiments  on  this  substance,  cut  a  quantify  of 
lean  beef  into  small  {neees,  and  macerated  it  in  water  for 
fifteen  days,  dianging  the  water  every  day,  and  subjecting 
die  beef  to  pressure  at  the  sain6  time,  in  order  to  squeease 
cot  the  water.  As  the  weather  was  cold,  it  gave  no  signs 
of  putrifiurticm  during  this  process.  The  shreds  of  muscle^ 
wliich  amounted  to  about  three  pounds,  were  now  boiled 
for  five  hours  every  day  for  three  weeks  in  six  quarts  of 
fresh  water,  which  was  regularly  changed  every  day.  The 
flmms  part  was  now  pressed,  and  dried  by  the  heat  of  a 
water  bath.  After  this  treatment  it  might  be  considered  as 
fibrin  nearly  as  pure  as  it  can  be  obtained.* 

S.  Fibrin  is  of  a  white  colour,  and  has  no  taste  nor  smell.  Properties. 

•  Hatckiett,  Phil.  Trans.  1800. 
TOL.  IV.  2  E 
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Book  V.  When  newly  extracted  from  blood,  it  is  soft  and  elastic,  and 
^*"*v*^  resembles  the  gluten  of  v^etables.  Its  colour  deepens  very 
much  in  drying.  That  which  is  extracted  from  muscle  by 
boiling  and  maceration  has  a  certain  degree  of  transparency, 
and  is  not  ductile  but  brittle.  Its  colour  does  not  deepen 
nearly  so  much  as  the  fibrin  from  blood. 

It  undergoes  no  change  though  kqpt  exposed  to  the  ac- 
tion of  air ;  neither  does  it  alter  speedily  though  kept  co- 
vered with  water.  Mr.  Hatchett  kept  a  quantity  of  the 
fibrin  which  he  had  prepared  Srom  beef  moistened  witt 
water  during  the  whole  month  of  April;  it  acquired  s 
musty  but  not  a  putrid  smell,  neither  were  the  fibres  re- 
duced to  a  pulpy  mass.  Even  when  kept  two  months  undei 
water,  it  neither  became  putrid,  nor  was  converted  into  the 
fatty  matter  obtained  by  macerating  recent  muscle.  * 
Action  of  S.  Fibrin  is  insoluble  in  cold  water.  In  boiling  watei 
^^^>  it  curls  up,  and  after  the  boiling  has  continued  for  some 
hours,  the  water  becomes  milky ;  but  no  gas  is  evolved 
When  infusion  of  nutgalls  is  dropped  into  the  water,  whik 
flocks  pt^ipitate,  which  do  not  adhere  together  wher 
heated,  as  those  produced  by  gelatin.  The  evaporatec 
liquid  does  not  gelatinize,  and  leaves  a  white,  dry,  bard 
friable  residue,  soluble  in  cold  water,  and  having  an  agree 
able  taste  similar  to  that  of  fresh  broth.  Fibrin  by  lon^ 
boiling  in  water  loses  its  property  of  softening  and  dissolv 
ing  in  acetic  acid.f 
Of  alcohol,  4-.  In  alcohol  of  the  specific  gravity  0*81  fibrin  undergoe 
a  species  of  decomposition,  and  forms  an  adipocirous  sub- 
stance soluble  iu  alcohol  and  precipitated  by  the  additioi 
of  water.  It  has  often  a  strong  and  unpleasant  odour.  Thi 
alcoholic  solution  leaves  when  evaporated  a  fat  residue 
which  did  not  pre-exist  in  the  fibrin.  Fibrin  after  beinj 
heated  in  alcohol  continues  soluble  in  acetic  acid.j: 

5.  Ether  acts  on  fibrin  in  the  same  way  as  alcohol.     Ii 
forms  an  adipocirous  matter  iu  much  greater  abundance 
and  having  a  stronger  and  more  disagreeable  smell.§ 
Of  acid,  6.  In  concentrated  acetic  acid  fibrin  becomes  immedi' 

ately  soft  and  transparent,  and  with  the  assistance  of  hea 
is  converted  into  a  tremulous  jelly.     By  adding  water  an( 

♦  Hatchett,  Phil,  Trans.  1800. 

)-  Bcrzelius,AnnaU  of  Philosophy,  ii.  20.  }  Ibid.  §  Ibid. 
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wivntung  itf  this  jelly  is  completely  dissolved  with  the  erolu*  ^  Chap.  L 
tioD  of  a  small  quantity -of  azotic  gas.  The  solution  is 
oolourlesB  and  has  a  mawkish  and  slightly  acid  taste. 
Daring  its  evaporation  a  transparent  membrane  appears  on 
the  surface^  and  after  a  certain  degree  of  concentration  the 
gelatinous  substance  is  again  reproduced.  When  completely 
dried  it  is  a  transparent  mass  which  reddens  litmus  paper, 
but  is  insoluble  in  water  without  a  fresh  addition  of  acetic 
add.  When  ferrocyanateof  potash,  an  alkali,  or  sulphuric^ 
nitric  or  muriatic  acid  is  dropped  into  this  solution  a  white 
precipitate  falls.  The  acid  precipitate  is  a  compound  of 
fibrin  and  the  acid.  If  it  be  washed,  a  certain  portion  of 
acid  holding  fibrin  in  solution  is  carried  off,  and  the  re* 
mainder  is  soluble  in  water.  This  solution  contains  a  neu* 
tral  compound  of  ^  the  acid  and  fibrin.  The  addition  of  a 
little  more  of  the  acid  causes  it  to  precipitate  again.* 

7.  In  weak  muriatic  acid  fibrin  shrinks  and  gives  out  a 
small  quantity  of  azotic  gas;  but  scarcely  any  portion  is 
dissolved  even  by  boiling ;  nor  does  the  acid  liquid  afford 
any  precipitate  with  ammonia  or  ferrocyanate  of  potash. 
The  fibrin  thus  treated  is  hard  and  shrivelled.  When 
repeatedly  washed  with  water  it  is  at  last  converted  into 
a  gelatinous  mass,  which  is  perfectly  soluble  in  warm 
water.  The  solution  reddens  litmus  paper,  and  yields  a 
precipitate  with  acids  as  well  as  alkalies.  Fibrin,  therefi)re, 
combines  with  muriatic  acid  in  two  proportions.  The  one 
gives  a  neutral  compound  soluble  in  water,  the  other  with 
an  excess  of  acid  is  insoluble^  but  becomes  soluble  by  the 
action  of  pure  water.f 

8.  Concentrated  sulphuric  acid  decomposes  and  carbo- 
nizes fibrin.  When  diluted  with  six  times  its  weight  of 
water,  this  acid  acquires  a  red  colour  if  it  be  digested  witli 
fibrin,  but  dissolves  scarcely  any  thing.  The  undissolved 
portion  is  a  compound  of  fibrin  and  an  excess  of  sulphuric 
add.  Water  deprives  it  of  this  excess,  and  a  neutral  com- 
bination is  obtained  which  is  soluble  in  water  and  possesses 
the  tame  characters  as  neutral  muriate  of  fibrin.t 
.  9m  Nitric  acid  of  the  spedfic  gravity  1*25  digested  with 
fibrin  renders  it  yellow  aud  diminishes  its  cohesion.  The 
fluid  becomes  yellow,  and  the  surface  of  the  fibrin  is  covered, 

*  BtnttUus,  Annals  of  Plulosophy,  ii.  SO.        f  Ibid.         I  Ibid. 
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l3olL  V.    with  ft  mall  quftntky  of  fiit  fomtd  by  tlM  «ctiDn  of  the 

^"""V"^  acicL  During  this  operation  pure  MoCic  gat  it  diaeogaged 
After  twenty-ibiHr  hours  digestion  tlie  fibrin  is  oouTerted 
into  a  pulverulent  mass»  of  ft*pale*citroa  ookmr,  which  is 
deposited  at  the  bottom  of  the  liquid.  When  tbia  pokve- 
fuloit  matter  is  washed,  its  colour  cliaiiges  in  proportion  as 
the  excess  of  add  is  carried  oi^  and  it  aocpiires  a  deep 
orange  colour.  This  yellow  matter  was  conridered  by 
Fourcroy  and  Vaaquelin  as  a  peeuHar  arid  which  they  dis- 
tinguished by  the  name  of  yMm  acid.  But  Beneiius  has 
shown  that  it  is  merely  fibrin  ooaibined  with  nitric  acid. 
It  dissolves  in  caustic  alkali  commmunioating  a  yellow  co- 
lour. When  boiled  in  alcohol  an  adipociroua  matter  is 
taken  up,  but  deposited  again  as  die  liquid  cook.  If  the 
yellow  substance,  after  beii^  thus  deprived  of  its  adipoci* 
rous  portion,  be  digested  with  water  and  carbonate  of  lims 
it  slowly  decomposes  and  dissoli^es  the  carbonate^  and  forms 
a  ydlow  solution.  When  this  solution  is  concentrated  and 
mixed  with  aloc^ol,  malate  of  lime  k  predpitaled.  The 
portion  dissolved  in  alcohol  was  nitrate  and  nitrkeof  Kme.^ 

OfblktVics,  10.  In  caustic  alkali  fibrin  increases  in  bulk,  becomes 
transparent  and  gelatinous,  and  at  length  is  completely  dis* 
solved.  The  solution  is  yellow  wkh  a  dbade  of  green.  Adds 
occasion  in  it  a  precipitate  whidi  gradually  becomes  eon* 
fluent  Alcohol  occasions  a  predpitate  in  it.  Some  ahe* 
ration  is  produced  upon  the  fibrin  by  the  alkali,  but  notluDg 
in  the  least  similar  to  a  soap  h  formed.f 

Of  hetu  11.  When  fibrin  is  exposed  to  heat,  it  contracts  very 
suddenly,  and  moves  like  a  bit  of  horn,  exhaling  at  the 
same  time  the  smell  of  burning  feathers.  In  a  stronger  beat 
it  mdts.  When  exposed  to  destructive  distillation,  it 
yields  water,  carbonate  of  ammonia,  a  thick  heavy  fetid  oil, 
traces  of  acetic  acid,  carbonic  acid,  and  carbureted  hydro- 
gen  gas4  The  charcoal,  as  Hatchett  ascertained,  n  more 
copious  than  that  left  by  gdatin  or  albumen.  It  is  very 
difficult  to  indnerate^  owing  to  the  presence  of  phoqAate 
of  soda  and  some  phosphate  of  lime,  which  form  a  gkssy 
coat  on  the  snr&ce.  A  considerable  proportion  of  eaibo- 
jiate  of  lime  also  remains  afier  the  incineration  of  the  diar* 
eoaL$ 

^  Beneiius,  Annals  of  Philosophy,  ii.  30.  f  Ibid, 

t  Fooicroy,  is,  158.  §  Hatdisti^  PwatWDy,  la.  1$$. 
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12.  Fitirln  was  Mibj^ected  to  an  analytb  by  GayrLosiac    Chap^^ 
snd  Ilenard,  who  found  its  ooastitaents  as  follows :  ^*"V^ 

Carbon 5S-S60  Compoti- 

Oxygen 19-685  ^"^ 

Hydrogen .     7"021 

Azote 19-934* 


100000 


• 


The  smallest  number  of  atoms  that  correspond  with  this 
analysis  is  the  following: 

18  atoms  carbon      =s  18*50  . .  •  •  52'94 

6  atoms  oxygen     as  5*00  •  • .  •  19*61 

14  atoms  hydrogen  as  1*75  ••• .     6*86 

S  atoms  azote         ss  5*25  • .  •  •  20*59 


25*50  100-00 

According  to  this  statement  it  contains  one  more  atom  oC 
carbon,  hydrogen,  and  azote^  and  one  atom  less  of  oxygen, 
than  albumen. 

13.  Fibrin  exists  only  in  the  blood  and  the  muscles  of  Species, 
animals :  but  it  is  a  genus  which  includes  as  many  q^ecies 
as  there  are  varieties  in  die  muscles  of  animals ;  and  the 
great  diversi^  of  these  substances  is  well  known.  The 
muscles  offish,  of  fowl,  and  of  quadrupeds,  bear  scarody 
any  resemblance  to  eadi  other. 


SECT.  IV. 

or  THE  COLOURING  MATTXB  OF  BLOOD. 

The  blood  was  very  much  examined  by  physiologists  Histoiy 
during  the  last  century.  Leuenhoeck  described  its  colour- 
ing matter  as  consisting  of  globules  of  a  red  colour  floating 
in  the  serum,  and  this  description  was  confirmed  by  the 
■Dcroscopical  obsenrations  of  Hewson  and  other  physiolo- 
giilB.  In  1797,  Dr.  Wells  published  a  paper  on  the  sub- 
fact  in  whidi  he  showed  by  very  ingenious  and  satis&ctory 
arguments  that  this  colouring  matter  was  an  animal  sul>- 

^  Bedisfchss  ^hysico-chinuqaes,  ii.  $30. 
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BookV.^  stanoei*  But  cbemiftB  were  preveDted  from  acceding  to 
this  opnioii  by  the  ezperimento  of  Fourcroy  and  Vauque* 
lin,  which  were  intended  to  show  that  blood  contains  sub* 
phosphate  of  iron  in  solution,  and  that  it  is  to  the  presence 
of  this  salt  that  its  red  colour  is  owing.f  This  opinion 
was  generally  acceded  to  by  chemists  till  Mr.  Brande  pub« 
lished  his  Chemical  Researches  on  the  Blood  in  1812.t 
He  demonstrated  by  decisive  experiments  that  the  opinion 
of  Fourcroy  and  Vauquelin  was  ill-founded,  that  the  co- 
louring matter  of  the  blood  is  a  peculiar  animal  substance, 
which  he  obtained  in  a  separate  state,  and  the  properties  of 
which  he  investigated. 

Towards  the  end  of  the  year  1812,  Berzelius'  General 
Views  of  the  ComposUkm  of  Amwud  Fluids  were  published 
in  the  third  volume  of  the  Medico-chirurgical  Transactions. 
He  details  the  properties  of  the  colouring  matter,  and 
shows  that  it  possesses  very  nearly  the  same  properties  as 
those  of  fibrin.  These  experiments  had  been  miEuie  long 
before  those  published  by  Mr.  Brande^  and  had  been  in* 
serted  in  the  second  volume  of  his  Djur  chemien,  printed  in 
1808,  though  we  only  became  acquainted  with  them  in  this 
country  in  consequence  of  the  publication  of  the  paper  in 
question.  Mr.  Brande's  experiments  were  repeated  and 
confirmed  by  Vauquelin  in  1815.  He  pointed  out  a  sim- 
ple process  for  procuring  colouring  matter  in  a  state  of 
purity,  and  examined  its  properties  in  detail  with  his  usual 
precision.§ 
Prepari-  Colouring  matter  of  blood  may  be  obtained  pure  by  the 

following  process.  Let  the  clot  or  coagulum  of  blood, 
freed  as  completely  as  possible  from  serum,  be  mixed  with 
four  parts  of  sulphuric  acid  diluted  with  eight  parts  of 
water.  Heat  the  mixture  to  the  temperature  of  158°,  and 
keep  it  at  that  temperature  for  five  or  six  hours.  Filter 
the  liquid  while  hot,  and  wash  the  residue  with  as  much  hot 
water  as  you  employed  of  acid.  Evaporate  the  liquid  to 
one  hall',  and  then  add  ammonia  till  ttie  excess  of  acid  is 
almost,  but  not  completely,  saturated.  The  colouring 
matter  precipitates.  Decant  off*  the  clear  liquid  and  wash 
the  colouring  matter  with  water  till  that  liquid  ceases  to 


♦  Phil.  Trans.  1797,  p.  416.  +  Fourcroy,  ix.  152. 

t  Plul.  Trans.  1813,  p.  90.        ^  Ann.  de  Chim.  et  Phys.  i.  9. 
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predpitate  nitrate  of  baiytes.    Then  throw  it  en  a  fiher.  Chap.  i. 
and  when  well  drained  scrape  it  off  with  an  ivory  knife,  and  ^"v*"""^ 
let  it  dry  in  a  capsule.* 

Coloaring  matter  of  blood  thus  obtained, .  when  dry  Fkoperties. 
appean  bbdi: ;  but  when  suspended  in  water  it  has  a  wine- 
red  colour.  It  is  destitute  both  of  taste  and  smell.  It  is 
insoluble  in  cold  water.  Boiling  wat^r,  according  to  Ber- 
zeh'us,  produces  nearly  the  same  effects  upon  it  as  upon 
fibrin.  And  alcohol  and  ether  convert  it  in  part  into  an 
adipocirous  matter,  having  a  very  disagreeable  odour. 

Vauquelin  and  Brande  found  it  insoluble  in  all  the  acida 
tried ;  but  Berzelius  coul4  not  dissolve  it  in  muriatic  acid. 
He  obtained  an  insoluble  matter,  containing  an  excess  of 
acid,  which  became  soluble  in  proportion  as  the  excess  of 
acid  was  removed  by  water. 

The  alkalies  dissolve  it  and  the  solution  has  a  purple 
colour.  Berzelius  found  that  it  formed  a  brownish  jelly  in 
caustic  fixed  alkali,  whidi  was  dissolved  by  a  sufficient 
quantity  of  water.  The  alkaline  solution  is  precipitated  by 
alcohol,  which  however  acquires  a  red  tinge  by  dissolving 
a  small  quantity  of  the  compound  formed  of  the  colouring 
matter  with  the  excess  of  alkalL 

Dilute  nitric  acid  dissolves  the  colouring  matter  of  blood 
ivithout  altering  its  colour.  Muriate  of  barytcs  docs  not 
occasion  any  precipitate  in  its  solution  in  muriatic  acid« 
Neither  is  any  change  produced  by  gallic  acid  or  fcrrocy<- 
anate  of  pota^.  The  infusion  of  nutgalls  precipitates  it 
but  does  not  occasion  any  change  of  colour.  Nitrate  of 
silver  does  not  render  its  solution  in  nitric  acid  turbid ;  but 
acetate  of  lead  throws  down  a  brown  precipitate. 

Mr.  Brande  tried  to  form  a  lake  by  precipitating  its  acid 
solution  by  means  of  different  earthy  and  metallic  salts. 
Neither  alumina  nor  oxide  of  tin  answered  the  purpose 
wdL  Corrosive  sublimate  or  nitrate  of  mercury  succeeded 
best.  They  gradually  precipitated  the  colouring  matter^ 
and  formed  with  it  powders  of  a  good  red  colour,  which  did 
not  alter  by  exposure  to  the  air.f  Mr.  Brande  likewise 
made  some  attempts  to  employ  it  as  a  pigment  in  dyeing; 
but  they  were  not  attended  with  much  success.    Though^ 

f  VauqueliD,  Ann.  de  Chun,  et  Pbys.  i.  9. 
t  Phil.  Timof.  1813,  p.  110. 
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SoQkV.   ttUood  18  an  idgredieBt  emplog^  m 

ceuesf  it  is  not  unlikdy  that  theocdourii^ 
of  some  importance  even  as  a  dye  atiiS 

When  the  colouring  matter  of  blood  is  healed  it  ndtber 
alters  iu  form  nor  colour;  but  gives  out  an  aaisial  odour 
and  furnishes  carbonate  of  ammonia  and  a  purple  oil ;  but 
scarcely  any  gas.  The  charry  residuom  is  as  bulky  as  the 
original  substance.* 

No  analysis  of  the  colouring  Better  of  tbe  Uood  baM  yet 
been  made.  It  is  obvious,  however,  firom  the  observadons 
of  Berzelius,  that  iU  propertiM  approach  voiy  nearly  tbose 
of  fibrin.  Hence  it  is  prdbaUa  dbat  its  oonstiiution  b 
nearly  similar.  It  contains  komipMr  aoonnderable  porpor- 
tion  of  iron  in  some  unknown 


SECT.  V. 


OF  Mucua. 


No  word  in  chemistry  has  been  used  with  leas  prednon 
than  mucus.  Too  many  experimentefB  iwve  made  it  serve 
Itt  a  common  name  for  eveiy  animal  substance  wlddi  can- 
not be  referred  to  any  odier  ekss.  Dr.  Boetock,  in  hii 
excellent  Papers  on  the  Analysis  of  Animal  ¥lmdS|  has 
endeavoured  to  fix  the  meaning  of  the  word  by  ascertain- 
ing the  properties  of  pure  mucus.  Fourcroy  and  Van* 
queiin  have  published  an  elaborate  paper  on  the  same  sob- 
jectt 

From  Bostock's  experiments  it  appears,  diat  if  the  9oM 
matter  obtained  by  evaporating  saliva  to  dryness  be  redis- 
solved  in  water  and  filtered,  the  sdution  will  ccntiun  very 
little  except  mucus.  He  obtained  mucus,  also,  by  mace- 
rating an  oyster  in  water  and  evaporating  the  liquid.^ 
Mucus,  thus  obtained,  possesses  the  following  properties : 
Propertiet.  1.  It  has  much  the  appearance  of  gum  arabic,  excepting 
that,  in  general,  it  is  rather  more  opaque ;  like  i^  it  has 
little  taste,  dissolves  readily  in  water,  and  forms  an  adiie* 
sive  solution. 

«  Vauquelin.  f  Aon.  du  Mas.  delist.  Nau  xii.  61, 

X   Nicholson's  Jour.  xi.  f^i. 


&  WItfn  emponUd  to  drjmcn  k  k'ltnmipanQti  in^ 
elastic,  and  has  much  the  appeanmoe  of  gum.    It  is  imo^ 
Jttble  kk  watoTi  but  disserves  readily  iitkill  the  acids  thoogh 
very  much  diluted. 
'     S«  It  does  not  dissolve  in  alcohol  nor  in  ether* 

4.  It  does  not  coagulate  when  heated;  nor  when  con* 
centratcd  by  evaporation  does  its  solution  assume  the  finrm 
ofa  jelly. 

i&  It  is  not  precipitated  by  corrosive  sublimate^  nor  by 
the  infusion  of  gsUs.' 

^  The  subacetatecf  lead  occasions  a  copious  white  pre* 
cipjtate  when  dropped  into  solixtions  containing  mucus ;  the 
M^etate  produces  a  much  less  striking  effect,  t 

7.  Nitrate  of  silver  likewise  occasions  a  precipitate  ift 
solutions  containing  mucus. 

8.  When  heated  it  assumes  the  appearance  of  horn,  and 
when  distilled  it  yields  the  conunon  products  of  animal  sub« 
stances.  According  to  Fourcroy^and  Vauquelin^  hom^ 
nails,  hair,  fisathers,  the  epidermis,  and  the  scales  which 
form  on  the  skin,  consist  chiefly  of  mucus. 

Many  of  the.  substances  called  nutcus  have  the  property 
of  absorbing  osygen,  and  of  becoming  by  that  means  in* 
soluble  in  water.  They  resemble  v^table  extractive  in 
this  respect. 

The  mucilaginous  substances  will  be  pointed  out  in  the 
next  Chapter.  In  the  present  state  of  our  knowledge^  any 
account  of  them  here  would  merely  be  a  repetition  of  the 
properties  just  mentioned. 
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». 


OF   OSMAZOME.^ 

This  substance  was  first  noticed  by  Rouelle.  The  name  History, 
was  applied  to  it  by  ThenaraL-  it  seems  doubtful,  whether 
osmazome  be  any  thing  else  than  fibrin  sli^tly  altered  by 
being  boiled  in  water  and  dissplved  m  'that  liquid.  But  iu| 
it  is  a  substance  wlucli  is  often  met  with  in  tne  analysis  of 
animal  substances,  and  as  its  identity' with  fibriir^  though 

*  fiostock,  MicMtSi^s  Jour,  li.  tStv       -  f  Ibid. 

J  Derived,  I  presume,  from  •TfAn  vmU^  and  (w/uof  ItitA. 
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Book  V.    probabk^  ii  Dot  ftilly  made  aatj  I  think  it  better,  at  least 

^■"^^'^-"'^  for  tha  ptesentf  to  giye  it  a  particular  place. 

Prepan-         OtonaiQEne  may  be  obtained  by  the  following  process. 

^*^'  Divide  the  muscle  of  beef  into  small  fragments,  and  leave 

it  in  contact  with  twice  or  thrice  its  weight  of  cold  water 
for  an  hour  or  two,  taking  care  to  squeeze  it  occasionally. 
Decant  off  the  first  portion  of  water,  and  add  an  additional 
quantity.  Repeat  the  digestion  a  third  time.  These  por* 
lions  of  water  will  dissolve  the  salts,  the  albumen,  and<the 
osmazome.  Mix  them  all  together  and  evaporate  them  in 
a  porselain  vessel  till  the  whole  albumen  has  coagulated 
and  separated.  Then  filter  the  liquor,  which  will  now 
be  reduced  to  a  small  quantity,  and  of  a  deep  colour. 
Evaporate  it  by  means  of  a  very  gentle  heat  to  the  consist- 
ence of  a  syrup.  It  consists  of  osmazome  mixed  with  the 
salts  of  the  muscle.  Alc<^l  digested  with  it  takes  up  the 
osmazome  and  leaves  the  salts.  By  evaporating  the  alcohol 
we  obtain  the  osmazome  nearly  in  a  state  of  purity.* 

Properties*       Osmazome  thus  obtained  has  a  brownish-yellow  colour, 
and  the  taste  and  smell  of  broth. 

It  is  soluble  both  in  water  and  alcohol.  The  aqueous 
solution  does  not  gelatinize;  but  when  evaporated  leaves 
the  osmazome  behind  it  in  the  state  of  a  brown  matter. 

The  aqueous  solution  of  it  is  precipitated  by  infusion  of 
nutgalls,  nitrate  of  mercury,  and  by  the  acetate  and  nitrate 
of  lead. 

When  heated  it  melts,  swells,  and  is  decomposed,  giving 
out  subcarbonate  of  ammonia,  and  leaving  a  bulky  char- 
coal which  contains  carbonate  of  soda,  showing  clearly  that 
it  was  not  in  a  state  of  complete  purity. 


SECT.  VII. 

OP   PICROMEL. 


This  is  a  name  given  by  Thenard  to  the  peculiar  sub- 
stance which  characterizes  bile.f     It  may  be  obtained  pure 

•  Thenard*8  Traite  de  Cbimie,  iii.  447. 

f  The  name  picroroel  is  derived,  I  presume,  from  vixiio:  bitter,  and 
f^txi  honey.  It  is  a  very  unfortunate  name.  Cholin  (from  x°^q  6t^) 
would  be  much  better. 


PICROlfEL.  *" 

by  the  foDowing  process.    Mix  fresh  bil*  wilh^ulphuric   Chap-L^ 
acid,  diluted  with  three  or  four  times  its  weight  of  itater.  pZpuZ^ 
A  yellow  precipitate  fidls  which  must  be  allowed  to  subside,  turn. 
then  separated.    Then  continue  to  add  fresh  acid  as  long 
as  any  precipitate  appears.    Heat  the  mixture  gently  for 
some  honrs^  and  afterwards  decant  off  the  fluid  part.     A 
green  matter  remains,   which  chemists  have  been  in  the 
habit  of  denominating  resin  of  bile.    This  green  matter  is 
to  be  thoroughly  edulcorated  with  water.    In  this  state  it  is 
a  compound  of  picromel  and  sulphuric  acid.    Digest  it 
with  carbonate  of  barytes  and  water;   the  add  combines 
with  the  barytes,  while  the  picromel  dissolves  in  the  water 
and  forms  a  solution  exactly  similar  in  appearance  to  bile. 
Or  the  green  matter  may  be  dissolved  in  alcohol,  and  the 
liquid  digested  over  carbonate  of  potash  or  carbonate  of 
lime  till  it  no  longer  reddens  litmus.  It  is  then  to  be  filtered 
and  evaporated  to  diyness.    The  substance  thus  obtained  is 
picromdi. 

Picromel  when  pure  resembles  entirely  inspissated  bile.  Prapotkii 
It  has  a  green  or  greem'sh-yellow  colour,  and  an  intensely 
bitter  taste^  followed  by  some  sweetness. 

It  is  soluble  in  water,  and  likewise  in  alcohol  in  all  pro- 
portions. Ether  does  not  dissolve  it,  but  converts  it  into 
an  adipocirous  substance,  having  an  exceedingly  disfr* 
greeable  smell. 

Like  the  albumen  of  blood  it  unites  with  acids,  and  forms 
compounds  soluble  when  neutral,  but  insoluble,  or  only 
qMuringly  soluble^  when  there  is  an  excess  of  acid.  It  ia 
this  last  compound  of  picromel,  and  a  mineral  acid,  which 
has  been  hitherto  mistaken  by  chemists  for  the  resin  of  bile. 

Picromel  combines  likewise  with  many  metallic  oxides 
into  a  pulverulent  mass. 

It  is  not  precipitated  by  infusion  of  nutgalls ;  but  the 
nitrate  of  mercury,  the  subacetate  of  lead,  and  the  salts  of 
iron,  occasion  a  precipitate  when  dropped  into  its  aqueous 
solution. 

When  picromel  is  subjected  to  destructive  distillation  it 
fpres  out  no  ammonia.  Hence  it  would  seem  that  it  con- 
tains no  azote.  A  difference  in  composition  sufficient  to 
distinguish  picromel  from  albumen  and  fibrin,  with  which 
k  potBcsscs  many  analogous  properties.* 

*  Benelius,  Annalt  of  Philosophy^  ii.  d7T. 
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SECT.  VIIL 
OF  U&EA. 


How  6b- 
tiined. 


Urea  may  be  obtained  by  the  following  process :  evapo- 
rate by  a  gentle  heat  a  quanti^  of  human  urine^  voided  six 
or  eight  hours  after  a  meal,  titt  it  be  redaoed  to  the  consis- 
tence of  a  thick  syrup.  In  this  state,  when  put  by  to  cool, 
it  concretes  into  a  crystalline  mass.  Pour  at  different  times 
npon  this  mass  four  times  its  we^t  of  alcohol,  and  apply 
a  gentle  heat;  a  great  part  of  the  mass  will  be  dissolved, 
and  there  will. remain  only  a  number  of  saline  substances. 
Pour  the  alcohol  solution  into  a  retort,  and  distil  by  the 
heat  of  a  sand-bath  till  the  liqiud,  after  boiling  some  time,  is 
reduced  to  the  consistence  of  a  diick  symp.  Tlie  vdiole  of 
the  alcohol  is  now  separated,  and  what  remains  in  the 
retort  crystallizes  as  it  cools.  These  cr3rstals  consist  of  the 
substance  known  by  the  name  of  urea.* 
Diwoiefy.  It  was  first  described  by  Roudle^  junior,  in  1775,  under 
the  name  of  the  saponaceous  extract  purine.  He  mentioned 
several  of  its  properties ;  but  very  litde  was  known  con- 
cerning its  nature  till  Fourcroy  and  Vanqudiii  published 
their  experiments  on  it  in  1799.  These  celebrated  che- 
mists have  given  it  the  name  of  urea^  which  has  been  gene- 
rally adopted. 

Urea,  obtained  in  this  manner,  has  the  fi>rm  of  ciystal- 
line  plates  crossing  each  other  in  different  directions.  Its 
colour  is  yellowish-white;  but  when  perfectly  pure  it  is 
white,  semitranspareut,  and  ciystallized  in  four-sided  and 
six-sided  prisms. 

It  has  a  fetid  smell,  somewhat  resembling  that  of  garlic 
or  arsenic ;  its  taste  is  strong  and  acrid,  resembling  that  of 
ammoniacal  salts ;  it  is  very  viscid  and  difficult  to  cut,  and 
has  a  good  deal  of  resemblance  to  thick  honey.f  When  ex- 
posed to  the  open  air,  it  very  soon  attracts  moisture,  and  is 
converted  into  a  thick  brown  liquid.  It  is  extremdy  solu- 
ble in  water ;  and  during  its  solution  a  considerable  degt^ 


Properties. 


*  Fourcroj  and  Vauquelin,  Aim.  dc  Chim.  xxsii.  80. 

t  Fourcroy  and  Vauqaelio,  Ano.  de  Cbtm.  xxsii.  86U 
Proust,  when  obtained  by  the  above  processes,  the  urea  is  saturated  with 
ammonia.    Jour,  de  Phyi.  hi,  lid. 


of  cold  is  produced.*    Alcohol  dusolvcs  it  with  facility,  but   Chap.  I. 
scarcely  in  so  large  a  pn^rtion  as  water.    The  alcohol  ^"^v*"^ 
solation  yields  crystals  much  more  readily  on  evaporation 
than  the  solution  in  water. 

When  nitric  acid  is  dropped  into  a  concentrated  solution  Giyttil- 
of  urea  in  water,  a  great  number  of  bright  pearl-coloured  Jj^^^U 
crystals  are  deposited,  composed  of  urea  and  nitric  acid. 
No  other  add  produces  this  singular  effect.  The  concen- 
trated solution  of  urea  in  water  is  brown,  but  it  becomes 
ydlow  when  diluted  with  a  large  quantity  of  water.  The 
iDfiMion  of  nutgalls  gives  it  a  ydlowish-brown  colour,  but 
causes  no  precipitate;  neither  does  the  infusion  of  tan 
produce  any  precipitate.^ 

When  heat  b  applied  to  urea,  it  very  soon  melts,  swdb  Action  of 
up,  and  evaporates  with  an  insiqpportably  fetid  odour.  ^^^ 
When  distilled,  there  comes  over  first  benzoic  acid,  then 
carbonate  of  ammonia  in  crystals,  some  carbureted  hydro- 
gen gas,  with  traces  of  prussic  add  and  oil;  and  there 
remains  behind  a  large  residuum,  composed  of  charcoal, 
muriate  df  ammonia,  and  muriate  of  soda.  The  distillation  ' 
is  accompanied  with  an  almost  insupportably  fetid  alliaceous 
odour.  Two  hundred  and  dghty-d^t  parts  of  urea  yield 
by  distillation  JOO  parts  of  carbonate  of  ammonia,  10  parts 
of  carbureted  hydrogen  gas,  seven  parts  of  charcoal,  and  68 
parts  of  benzdc  acid^  muriate  of  soda,  and  muriate  of  am- 
monia. These  three  last  ingredients  Fourcroy  and  Vauque- 
lin  consider  as  fordgn  sub^ances,  separated  from  the  urine 
by  the  alcohol  at  the  same  time  widi  the  urea.  Hence  il 
follows  that  100  parts  of  urea,  when  distilled,  yield 

Carbonate  of  ammonia ....  92*027 
Carbureted  hydrogen  gas .  •  4*608 
Charcoal 3*225 


99-860 


Now  200  parts  of  carbonate  of  ammonia,  according  to 
Fourcroy  and  Vauquelin,  are  composedof  86  of  ammonia, 
90  carbonic  acid  gas,  and  24  water.  Hence  it  follows  that 
100  parts  of  urea  are  composed  of 


*  Fourcroy  and  ^sttiuelfiiy  Ann.  de  Chim.  ix^.  88. 
t  Ibid. 
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B(x4c  V.  Oxygra 39-5 

"•"V^^  Azote 32-6 

Carbon 14"7 

Hydrogen  ....  13*3 

1000 

But  it  can  scarcely  be  doubted  that  the  water  which  was 
found  in  the  carbonate  of  ammonia  existed  ready  formed  in 
the  urea  before  the  distillation.* 

When  the  solution  of  urea  in  water  is  kept  in  a  boiling 
heat,  and  new  water  is  added  as  it  evaporates,  the  urea  is 
gradually  decomposed,  a  very  great  quantity  of  carbonate  of 
ammonia  is  disengaged,  and  at  the  same  time  acetic  acid  is 
formed,  and  some  charcoal  precipitate8.t 
Putrifoc-  When  a  solution  of  urea  in  water  is  left  to  itself  for  some 
**^'  time,  it  is  gradually  decomposed.     A  froth  collects  on  its 

surface;  air  bubbles  are  emitted  which  have  a  strong  dis« 
agreeable  smell,  in  which  ammonia  and  acetic  acid  are  dis- 
tinguishable.   The  liquid  contains  a  quantity  of  acetic  acid* 
The  decomposition  is  much  more  rapid  if  a  littie  gelatin  be 
added  to  the  solution.     In  that  case  more  ammonia  is  dis- 
engaged, and  the  proportion  of  acetic  acid  is  not  so  great.^ 
Acuon  of         Wlien  the  solution  of  urea  is  mixed  with  one-fourth  of 
»u  piunc     j^g  weight  of  diluted  sulphuric  acid,  no  efiervescence  takes 
place ;  but,  on  the  application  of  heat,  a  quantity  of  oil 
appears  on  the  surface,  which  concretes  upon  cooling ;  the 
liquid  which  conies  over  into  the  receiver  contains  acetic 
acid,  and  a  quantity  of  sulphate  of  ammonia  remains  in  the 
retort  dissolved  in  the  undislilled  mass.     By  repeated  dis- 
tillations, the  whole  of  the  urea  is  converted  into  acetic 
acid  and  ammonia.  $ 
Nitfic  acid.      When  nitric  acid  is  poured  upon  crystallized  urea,  a 
violent  effervescence  takes  place,  the  mixture  froths,  as- 
sumes the  form  of  a  dark-red  liquid,  great  quantities  of 
nitrous  gas,  azotic  gas,   and  carbonic  acid  gas,  are   dis- 
^"S^g^-     When  the  effervescence  is  over,  there  remains 

Ann.  de  Chim.  xxxii.  88.     It  would  be  useless  to  calculate  the  cou- 

,."*?'*. ^^  urea  from  this  analysis;  because  several  of  the  data  upon 

1   IS  founded  being  obviously  inaccurate,  the  proportions  assigned 

1  J^J*"*'  ^®  ^"^ec'-  t  Ibid.  p.  96.  :  Ibid. 

i  Ibid.  p.  104.  y  r 
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only  a  ocxiarete  white  matter,  with  some  drops  of  reddish  Chap.t. 
liquid*  When  heat  is  applied  to  this  residuum,  it  deto-  ^^""V^ 
nates  like  nitrate  of  ammonia.  Into  a  solution  <^  urea, 
formed  by  its  attracting  moisture  from  the  atmosphere,  an 
equal  quantity  of  nitric  acid,  of  the  specific  gravity  1*460, 
dUuted  with  twice  its  weight  of  water,  was  added ;  a  gentle 
efiervescence  ensu^ :  a  very  small  heat  was  applied,  -  which 
supported  the  effervescence  one  or  two  days.  There  was 
disengaged  the  first  day  a  great  quantity  of  azotic  gas  and 
carbonic  acid  gas;  the  second  day,  carbonic  acid  gas,  and 
at  last  nitrous  gas.  At  the  same  time  with  tlie  nitrous  gas 
the  smell  of  the  oxyprussic  acid  of  BerthoUet  was  percepti- 
ble* At  the  end  of  the  second  day,  the  matter  in  the 
retort,  which  was  become  thick,  took  fire,  and  burnt  with  a 
violent  explosion.  The  residuum  contained  traces  of  prus- 
sic  add  and  ammonia.  The  receiver  contained  a  ydlowish 
acid  liquor,  on  the  sur&ce  of  which  some  drops  of  oil  swam.* 

Muriatic  acid  dissolves  urea,  but  docs  not  alter  it.  Chlo-  Mariatic 
rine  gas  is  absorbed  very  rapidly  by  a  diluted  solution  of  ^^^*"^ 
urea;  small  whitish  fiakes  appear,  which  soon  become 
brown,  and  adhere  to  the  sides  of  the  vessel  like  a  concrete 
oil.  After  a  considerable  quantity  of  this  gas  had  been  ab- 
sorbed, the  solution,  left  to  itself^  continued  to  effervesce 
exceeding  slowly,  and  to  emit  carbonic  acid  and  azotic  gas. 
After  this  effervescence  was  over,  the  liquid  contained  mu- 
riate and  carbonate  of  ammonia. 

Urea  is  dissolved  very  rapidly  by  a  solution  of  potash  or  Action  of 
soda,  and  at  the  same  time  a  quantiqr  of  ammonia  is  dis-  ^^^^ 
engaged ;  the  same  substance  is  disengaged  when  urea  is 
treated  with  barytes,  lime^  or  even  magnesia.  Hence  it  is 
evident,  that  this  appearance  must  be  ascribed  to  the  muriate 
of  ammonia,  with  which  it  is  constantly  mixed.  When 
pore  solid  potash  is  triturated  with  urea,  heat  is  produced, 
a  great  quantity  of  ammonia  is  disengaged ;  the  mixture 
becomes  brown,  and  a  substance  is  deposited,  having  the 
appearance  of  an  empyreumatic  oil.  One  part  of  urea  and 
two  of  potash,  dissolved  in  four  times  its  weight  of  water, 
when  distilled,  give  out  a  great  quantity  of  anunoniacal 
water;  the  residuum  contains  acetate  and  carbonate  of 
potasb.f 

*  Ann.  de  China,  xxxii.  107.  -f-  Ibid. 
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Book  V.  When  nmriate  of  soda  is  dissolfed  in  a  solotion  of  urea 
in  wmter^  it  is  obtained  by  evi^Miration,  not  in  cubic  crjs* 
tal%  its  usual  form^  but  in  rq^ular  octahedrons^  Muriate 
of  ammonia^  on  die  contrary^  which  crystallizes  naturally 
in  octahedrons,  is  converted  into  cubes,  by  dissolying  and 
crystallizing  it  in  the  solution  of  urea. 

Such  are  the  properties  of  this  singular  substance,  as  &r 
as  they  have  beoi  ascertained  by  the  experinents  of  Fcnur- 
croy  and  Vauqudin*  It  differs  from  all  animal  substances 
hitherto  examined,  in  the  great  proportion  of  azote  which, 
enters  into  its  compositioii,  and  in  the  facility  with  which 
it  is  decomposed^  even  by  tli^  heat  of  boiling  water. 


SECT.  IX. 

OF  SACCHARINE  MATTER. 

The  species  of  saccharine  matter  hitherto  found  in  the 
animal  kingdom  are  the  following: 

1.  Sugar  of  milk. 

2.  Honey, 

3.  Sugar  of  diabetic  urine. 

How  ob-  1  •  Sugar  of  milk  may  be  obtained  by  the  following  pro- 
•*"*^  cess :  let  fresh  whey  be  evaporated  to  the  consistence  of 
honey,  and  then  allowed  to  cool ;  it  concretes  into  a  solid 
mass.  Dissolve  this  mass  in  water,  clarify  it  with  the  white 
of  eggs,  filter  and  evaporate  to  the  consistence  of  a  syrup ; 
it  deposits  on  cooling  a  number  of  brilliant  white  cubic 
crystals,  which  are  sugar  of  milk.  Fabricius  Bartholdi, 
an  Italian,  was  the  first  European  who  mentioned  this 
sugar.  He  described  it  in  his  Encyclopcpdia  Hermetko- 
Dogmaticoj  published  at  Boulognia  in  1619;  but  it  seems 
to  have  been  known  in  India  long  before  that  period.  For 
the  best  account  of  its  properties  we  are  indebted  to  Mr. 
Licbtenstein. 
Properties.  When  pure  it  has  a  white  colour,  a  sweetish  taste,  and 
no  smell.  Its  crystals  are  semitransparent  regular  parelielo- 
pipeds,  terminated  by  four-sided  pyramids.  Its  specific 
gravity,  at  the  temperature  of  55^,  is  1'54j3.     At  the  tem- 
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peroturc  of  59%  it  is  soluble  in  five  times  its  weight  of  Cbap.i. 
water,  and  in  two  and  a  half  times  its  weight  of  boiling  ^""v— ^ 
water.  It  is  perfecly  insoluble  in  alcohol,  but  the  addition 
of  a  little  sulphuric  acid  makes  it  soluble  in  that  liquid. 
When  burnt  it  emits  the  odour  of  cafomel,  and  exhibits 
precisely  the  Appearance  of  burning  sugar.  When  distilled, 
it  yields  the  same  products  as  sugar,  only  the  empjrreumatic 
oil  obtained  has  the  odour  of  benzoic  acid.*  When  treated 
with  nitric  acid  it  yields  saclactic  acid.  From  the  experi- 
ments of  Vogel  and  Bouillon  La  Grange,  we  learn  that 
sugar  of  milk  is  soluble  in  muriatic  and  acetic  acid.  Chlo- 
rine decomposes  it  into  water  and  carbonic  acid.  Strong 
potash  ley  decomposes  it  in  the  cold,  and  converts  it  into 
water,  carbonic  acid,  acetic  acid,  and  a  colouring  matter. 
Neither  alcohol  nor  ether  dissolves  iut  From  the  experi- 
ment of  Bucholz,  it  appears  that  sugar  of  milk  is  not  suscep- 
tible of  the  vinous  fermentation,  j: 

Sugar  of  milk  combines  with  protoxide  of  lead  in  various  SaccoUt* 
proportions.    The  neutral  compound  has  a  mucous  appear-  ^^  ^^^' 
ance  when  moist,  but  becomes  yellow  and  semitransparent 
when  dry.    Its  constituents,  according  to  the  analysis  of 
Berzelius,  are  as  follows : 

Sugar  of  milk. . .     86'471    .  • . .  100        ....     8*039 
Oxide  of  lead .. .     6S'529   ....  174*15    ....  14 


100*000 

Oxide  of  lead  digested  with  sugar  of  milk  appears  at 
first  not  in  the  least  altered.  It  is  however  converted  into 
a  sabsaccolate  of  lead,  which  when  well  washed  and  dried  is 
a  yellow  powder  composed  of 

Sugar  of  milk  ..  •     12*8    ....  100   ....     2*055 
Oxide  of  lead. .. .     87*2   ....  681    14 

100*0$ 

From  these  analyses  we  see  that  the  equivalent  number 
lor  sugar  of  milk  is  8*22.  We  may  take  8*25  as  sufficiently 
near. 

It  has  been  analysed  both  by  Gay-Lussac  and  Thenard, 

•  Scheele,  ii.  70.  t  Schweigger's  Jour.  ii.  342. 

t  Schweigjer's  Jour.  ii.  359.  §  Anual*  of  Philoiopbjr,  v.  267. 
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Book  V.    and  by  Berzelius.   AccordiDg  to  Oay-Lusstc  and  Thenard^ 
^*"*v^  its  constituents  are, 

Compo«.  Oxy«^» ••••     5^'*^* 

lioiu  Carbon 38*825 

Hydrogen •  • .      7*341 

lOO-OOO* 

Berzelius'  numbers  approach  very  nearly  to  these.  Ac« 
cording  to  him  the  constituents  of  sugar  of  milk  are, 

Oxygen   53^359 

Carbon 39"474 

Hydrogen 7*167 

lOO-OOOt 

These  analyses  do  not  correspond  well  with  the  equivalent 
number  for  the  weight  of  sugar  of  milk  deduced  from 
analysis.  Were  we  to  suppose  it  composed  of  4  atoms 
oxygen,  5  atoms  carbon,  and  4  atoms  hydrogen,  its  com- 
position would  be  as  follows : 

4  Atoms  oxygen .  •  =  4        ....     48*4 

5  Atoms  carbon  . .  =  3*75   ....     45'4 
4  Atoms  hydrogen  =0*5     ....       6*2 

8-25  100-0 

Numbers  quite  irreconsileablc  with  the  analyses  above  given. 
The  subject  therefore  requires  &rther  investigation.  X 
Honey.  2.  Honey  is  prepared  by  bees,  and  perhaps  rather  belongs 

to  the  vegetable  tlian  the  animal  kingdom.  It  has  a  white 
or  yellowish  colour,  a  soft  and  grained  consistence,  a  sac- 
charine and  aromatic  smell.  By  distillation  it  affi)rds  an 
acid  phlegm  and  an  oil,  and  its  coal  is  light  and  spongy 
like  tliat  of  the  mucilages  of  plants.     Nitric  acid  extracts 

*  Recherches  Physico-chimiques,  ii.  295. 

f  Annals  of  Philosophy,  v.  -^66, 

X  If  the  reader  wishes  a  more  detailed  account  of  sugar  of  milk,  be 
may  consult  Litchtenstein^s  Abbandlung,  published  separately  in  1779, 
and  Rouellc's  dissertation  in  the  39th  volume  of  the  Jour,  de  Medicine. 
An  abridged  view  of  the  whole  has  been  given  by  Morveau  in  the  fint 
volume  of  the  Encyd.  Methodique,  which  has  been  published  in  an  En- 
glish dress  by  Mr.  Johnson  in  his  History  of  Animal  Chemistry,  i.  198. 
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from  it  Qzalic  acid,  precisely  as  it  does  from  sugar.  It  is  Chap.  I. 
very  soluble  in  water,  with  which  it  forms  a  syrup,  and  like  ^"V^^ 
sugar  passes  to  the  vinous  fermentation.  Mr.  Cavezzali 
has  affirmed  that  honey  is  composed  of  sugar,  mucilage, 
and  an  acid.  The  sugar  may  be  separated  by  melting  the 
honey,  adding  carbonate  of  lime  in  powder  as  long  as  any 
efibvescence  appears,  and  scumming  the  solution  while  hot. 
The  h'quid  tims  treated  gradually  deposits  crytals  of  sugar 
when  allowed  to  remain  in  a  glass  vessel.'^  Its  crj'tals,  as 
&r  as  I  have  observed,  are  quite  analogous  to  those  of  sugar 
of  grapes. 

According  to  Proust,  there  are  tw^o  kiiuls  of  honey ;  one 
always  liquid,  and  the  other  solid  and  not  deliquescent 
They  may  be  separated,  he  says,  by  means  of  alcohol.f 

S.  The  urine  of  persons  labouring  under  the  disease  Sunr  of 
known  to  physicians  by  the  name  of  diabetes^  yields,  when  urinc!*^ 
evaporated,  a  considerable  quantity  of  matter  which  pos- 
sesses properties  analogous  to  sugar.  Tliis  seems  to  have 
been  first  observed  by  Willis.  Aftemvards  the  subject  was 
carried  somewhat  farther  by  subsequent  physicians.  But 
it  is  to  Mr.  Crnikshanks  that  we  are  indebted  for  the  most 
valuable  set  of  experiments  on  the  subject.  In  this  case 
he  extracted  frome  urine  about  -iV^  ^^  ^^  weight  of  a  sweet- 
tasted  extract  like  honey.  When  treated  with  nitric  acid, 
it  yielded  the  same  proportion  of  oxalic  acid  as  an  equal 
quantity  of  common  sugar  would  have  done,  making  allow- 
ance for  the  saline  substances  present  No  saclactic  add  was 
formed.  Hence  it  follows  that  this  substance  is  not  ana* 
logons  to  sugar  of  milk,  but  nearer  common  sugar  in  itt 
properties.  It  crystallizes  nearly  in  the  same  manner  as 
sugar  of  grapes.  I  have  seen  it  prepared  by  Dr.  Wollaston 
in  small  grains  having  almost  exactly  the  appearance  of 
common  white  sugar.  Nicolas  affirms  that  when  treated 
with  lime  it  is  decomposed.^  If  so,  it  certainly  differs 
essentially  from  common  sugar,  which  Cruikshanks  first 
proved  to  be  capable  of  uniting  to  lime' without  dccomposi« 
tion. 

^  Add.  do  Chim.  xxxix.  110.  ^  t  Jour,  de  Pbys.  lix.  4S8. 

]  Anq  dt  Chim.  zliv.  64. 
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SECT.  X. 

or  CAHTHABIDIX. 

I  Giv£  tbit  name  to  the  substance  in  cantfaarides  of 
I^MUiish  flies»  (meio^  veMxUorms)  whidi  occasions  a  blister 
when  applied  to  the  skin.  It  was  obtained  in  a  separate 
states  and  its  properties  were  ezainined  bj  M»  Robiquet  in 
1810.*    It  may  be  obtained  by  the  fidlowing  process. 

Boil  cantharides  in  water  till  eveiy  thing  soluble  in  that 
liquid  be  taken  up.  Ccmcentrate  the  solution  by  evapora- 
tion, and  when  reduced  to  a  thidc  syrup  boil  it  repeatedly 
in  akohol  till  that  liquid  ceases  to  act  upon  it.  Evaporate 
the  alcoholic  soluticm  gently  to  dryness,  and  put  the  dry 
residue  into  a  phial  with  sidphuric  ether,  and  agitate  the 
mixture  for  a  conrideraUe  time.  At  fint  the  ether  will 
seem  to  have  no  eSsct  upon  it,  but  after  some  hours  it  as* 
snmes  a  yellow  colour.  Becant  it  off  and  allow  it  to 
evaporate  spontaneously  in  the  open  air.  It  deposits  small 
crystalline  plates  mixed  with  a  ydlow  matter.  Alcohol 
takes  up  the  ydOow  matter ;  but  kaves  the  ciystaUine  plates. 
These  plates  when  dried  between  fiiUs  of  blotting  paper 
are  cantharidin  in  a  state  of  considerable  purity. 
Properaes.  Cantharidin  thus  obtained  is  in  small  plates,  having  a 
shining  micaceous  appearance.  It  is  insoluble  in  water  and 
in  cold  alcohol.  Boiling  alcohol  dissolves  it,  but  lets  it  fall 
again  in  crystals  as  the  solution  cools.  Ether  dissolves  it 
but  not  very  powerfully.  It  dissolves  very  readily  in  oils, 
and  when  applied  to  the  skin  it  acts  as  a  vesicatory  with  great 
energy.    The  solution  of  it  in  oils  is  equally  efl5caceou8.t 


SECTION  XL 

OF  COCHENILIK. 


The  cocheneal    is  an  insect  which  inhabits   different 
species  of  cactus,  and  which  is  propagated  in  Mexico  and 

*  Ann.  de  Chim.  IxxvL  SOS. 

t  Robiquet,  Ann*  de  Chim.  luvi.  SOd. 
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COCHENILIK. 

some  odier  countries  in  order  to  be  employed  as  a  dye  stuff,  ciwv 
By  it  the  scariet,  the  most  splendid  of  all  colours,  is  given 
to  cloth.  It  is  to  the  red  colouring  matter  of  the  insect  that 
Dr.  John  has  given  the  name  of  cochenilin.  He  has  ex- 
amined this  colouring  matter,  and  established  it  as  a  pecu« 
liar  animal  principle.  According  to  him  the  consdtaents 
of  the  cocheneal  insect,  are  the  following : 

Cochenilin • 50*0 

Jelly 10*5 

Waxy  fat 10*0 

Gelatinous  mucus   14*0 

Shining  matter   14*0 

Alkaline  phosphate       "^ 

Alkaline  muriate 

Phosphate  of  lime  ^  •  • .  •  •  •      1*5 

Phosphate  of  iron 

Phosphate  of  ammonia^ 


lOO-O* 

Cochenilin  has  a  fine  carmine  red  colour,  permanent  in  piopen 
dry  air,  but  converted  into  a  glutinous  matter  when  kept  in 
a  moist  place.  It  is  soluble  in  water,  alcohol,  and  ether. 
When  the  aqueous  solution  of  it  is  evaporated  in  the  open 
air  it  undergoes  the  same  alteration  as  h^pens  to  extrac- 
tive in  the  same  circumstances.  It  is  soluble  in  caustic  al- 
kalies and  likewise  in  acids.  It  is  not  precipitated  by  the 
infusion  of  nntgalls.  The  strong  affini^  which  it  has  for 
alumina,  oxide  of  tin,  and  some  other  oxides,  is  well  known. 


SECT.  xn. 


OF  OILS. 


The  oily  substances  found  in  animals  belong  all  to  the 
class  of  fixed  oils.  They  difier  very  much  in  their  conast* 
enoe,  being  found  in  every  intermediate  state  from  sper* 
maceti,  which  is  perfectly  solid,  to  train  oil,  which  is  com- 


*  John's  Tabelleo  des  Tbier  reichs,  p.  127. 
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Book  v«  pleldy  Uquid.    The  most  importsnt  of  iimm  9xe  ihe  fol* 
lowing: 

1.  Fa/.*!— This  sabstenoe  is  found  abiuuibiHtly  in  Afferent 
{Murts  of  animals.  When  pare  it  possesses  the  pfqwtiesof 
the  fixed  oils.  Its  Qonsistenoa  TarUs  £fom  taUamas  lae^, 
which  ii  hrittlei  to  iju^^  lari^  which  it  soft  and  semifluid. 
To  obtain  fiit  purs^  .ityjscat  io  small,  pieoov  well  washed  in 
water,  and  the  membranous  parts  and  vessels  separated. 
It  is  then  melted  in  tf  dkdiow  vessel  alcMig  with  sonie  water, 
and  kept  mdted  till  the  ^#iiter  is'compi^j  evaporated. 
Thus  purified'  it  ik  lArhife^  tutelesl^'  akid'  nearly  inMpid. 

PkDpotiet.  Different  kindh'  of  it  liq|biiy  at  difierent ,  tenipeiatnres. 
Lard  melts  lA  97^';  but  the  fiit^extracted  JGrom  meat  by 
boiling  requires,  accordii^  to  l^ii^Ison,  a  heat  of  127^. 
"When  heated  to  about  J400%  it  bei^  to.  emit  a  white 
smoker  whicE  becomes  incire  copious  and  more  disagreeable 
as  the  heat  increases;  at  thcj  same  time  it  becomes  blackish, 
owing  doubtless  to  the  decomposition  of  a  portion  of  it  and 
the  evoluden  of  some  charcoal.  If  it  be  now  cooled  it  be- 
eomes  more  brittle:  and  solid  than  at  first  M^en  hog's 
laifd  is  distilled  in  a  retort^  we  obtain  first  a  portion  of 
water,  and  then  a  white  oil,  which  concretes  in  the  receiver 
into  small  round  globules,  and  a  black  mass  remains  in  the 
retort.  During  the  whole  process  abundance  of  carbureted 
hydrogen  and  carbonic  acid  come  over,  which  have  a  most 
abominable  odour.  When  the  vessels  are  unlutcd,  they 
emit  an  odour  so  detestable  and  powerful  tliat  it  is  abso- 
lutely impossible  to  endure  it.  It  was  formerly  snpposed 
that  this  odour  was  exhaled  by  the  sebacic  acid  formed 
during  the  process ;  but  Thenard  has  shown  this  to  be  a 
mistake.  We  must  therefore  ascribe  it  to  an  empyreumatic 
oil.  The  smell  docs  not  suddenly  disappear.  During  this 
distillation  acetic  acid  is  disengaged,  and  likewise  some  se- 
bacic acid,  which  is  found  in  solution  in  the  receiver  mixed 
with  the  oil. 

Nature.  These  products  demonstrate  the  peculiar  nature  of  fat; 

at  the  same  time  its  analogy  to  fixed  oil  is  so  strong  that 
we  cannot  but  consider  it  as  belonging  to  the  same  genus 
of  bodies.  Its  constituents  are  undoubtedly  oxygen,  hy- 
drogen, and  carbon,  in  wiknown  proportions.  It  has  been 
supposed  also  to  contain  an  acid.  The  opinion  originated 
from  the  older  chemists,  that  all  the  solid  oily  bodies  were 
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indebted  to  an  add  for  their  solidity.    The  expa'iments  of  Chap.  i. 
Crell  were  supposed  to  d^nonstrate  the  truth  of  this  opi-  ^—^y-^ 
nion ;  but  Thenard  has  lately  shown  that  these  experiments 
were  erroneous,  and  that  the  results  obtained  are  to  be  as- 
cribed to  the  impurity  of  the  substances  employed.    The 
sebacic  acid  is  evolved  by  the  action  of  heat  upon  the  fat. 

Fat  is  insoluble  in  water,  alcohol,  and  ether.  The  strong 
adds  dissolve  and  gradually  decompose  it.  With  the  al- 
kalies it  combing  and  forms  soap. 

When  a  little  nitric  add  is  poured  on  fat,  and  a  mo» 
derate  heat  applied,  the  acid  deposits  its  oxygen,  and  con-^ 
verts  the  fat  into  a  yellow-KX>loured  ointment  which  Four- 
croy  considers  as  an  oxide  of  fat,  and  which  is  said  to 
have  been  employed  with  great  success  in  France  in  ex- 
ternal venereal  afiections.  A  portion  of  saclactic  acid  is 
formed  by  the  action  of  the  nitric  add.  Fat  dissolves  a 
little  sulphur  and  phosphorus.  The  phosphorus  is  spee- 
dily converted  into  phosphorous  acid.  According  to]Vogel 
the  mercury  in  the  medidnal  preparations  made  by  tritu- 
rating mercury  and  &t  is  in  the  metallic  state.* 

The  rancidity  of  &t  is  to  be  ascribed  to  the  same  cause 
as  the  rancidity  of  the  fixed  cnls. 

2.  Train  oil. — This  liquid  is  extracted  firom  the  blubber  Train  oil. 
^f  the  whale,  and  from  other  fish.     It  forms  a  very  im- 
portant article  of  ccmimerce,  being  employed  for  combus- 
tion in  lamps,  and  for  other  purposes.     It  is  at  first  thick; 

but  on  standing  a  white  mucilaginous  matter  is  deposited, 
'BXkd  the  oil  becomes  transparent  It  is  then  of  a  reddish 
brown  colour,  and  has  a  disagreeable  smell.  If  it  be  agi» 
tated  with  a  little  sulphuric  add,  and  then  mixed  with 
water,  the  oil,  when  allowed  to  settle  swims  on  the  surface^ 
c»f  a  much  lighter  colour  than  before,  the  water  continues 
milky,  and  a  curdy  matter  is  observed  swimming  between 
the  oil  and  wate&  This  method  has  been  employed  for 
purifying  the  oil,  to  make  it  more  proper  for  burning  in 
lamps.  Various  other  methods  have  been  employed.  The 
most  important  are  those  recommended  by  Mr.  Dossicf 

3.  Spermaceti  oil. — This  is  the  oil  which  separates  from  Spermaceti 


oil. 


*  Ann.  de  Chim.  hnii.  154. 

f  See  Phil.  Mag.  xv.  105 ;  and  the  Transactions  of  the  Society  for  the 
EnooBrBgemeiit  of  the  Arts,  vol.  xx. 
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Book  V.    wparmaati  dnring  tbe  parificBtion  of  it.    It  is  much  pom 
^^"-V"^  ^an  train  oil,  and  thsccibre  auwen  better  for  bnming  tit 

lamps. 
Bntiff.  4>  JBirflgr  possesMs  all  the  dmnirrers  of  a  faced  ofl;  bat 

as  it  is  not  feond  ready  farmed  in  any  animal  substance^  the 
detul  of  its  properties  bdongs  to  the  next  Chapter. 
oaofiniB..  5.  Oil^mls.— Maijgraff  obtained  this  oil  by  macerating 
iheybmiJoa  rmfu  in  water,  and  distilling  off  one-half  of  the 
liqukL  The  oil  was  found  swimming  upon  the  sorfBoe  of 
the  water  in  the  receiver.  It  is  liquid,  and  dissolves  com- 
pletely in  alcobd.  Ila  taste  is  not  hot,  bat  it  has  a  peculiar 
smell.  It  qppeara  to  be  intermediate  bctireen  faced  and 
volatile  crib  in  its  properties.* 
Animal  m\  6.  Though  all  the  oify  bodies  fonnd  in  animal  substances 
ofDippci.  bdong  to  iiie  darn  of  faced  mis,  yet  there  is  a  peculiar  to- 
latile  oil  which  makes  its  qppeamnoe^  and  which  is  doubt* 
less  formed  during  the  distillation  of  different  animal  bo» 
dies.  Though  thb  oil  has  now  lost  that  celebrity  which 
drew  the  attention  of  the  older  Asmists  to  it^  yet  «s  its 
properties  are  peculiar,  a  short  account  of  it  will  not  be 
improper.  It  is  usually  caDed  the  mumal  ml  <^  D^pd^ 
because  that  chemist  first  drew  the  attention  of  chenusts  to 
it  It  is  commonly  obtained  from  the  gelatinous  and  albu- 
minous parts  of  animals.  The  horns  are  said  to  answer 
best.  The  product  of  the  first  distillation  is  to  be  mixed 
with  water,  and  distilled  with  a  moderate  heat:  the  oil 
which  is  first  obtained  is  the  animal  oil  of  DippeL 

It  is  colourless  and  transparent;  its  smell  is  strong  and 
rather  aromatic;  it  is  almost  as  light  and  as  volatile  as 
ether;  water  dissolves  a  portion  of  it ;  and  it  changes  syrup 
of  violets  green,  owing,  as  is  supposed,  to  its  containing  a 
little  ammonia.  The  acids  all  dissolve  it,  and  form  with  it 
a  kind  of  imperfect  soap.  Nitrous  acid  sets  it  on  fire.  It 
forms  with  alkalies  a  soap.  Alcohol,  ether,  and  oils  unite 
with  it.  When  exposed  to  the  air  it  becomes  brown,  and 
loses  its  transparency.  It  was  formerly  used  as  a  specific  in 
fever8.t 

*  Margraff,  Opusc.  i.  S91. 

t  See  tbe  experiments  of  Model  and  Dehne, 
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"  SECT.    Xm.  Chap.  I. 

OF  ANIMAL  RESINS. 

Substances  resembling  resins  are  found  in  different  ani- 
mal bodies ;  and  which,  for  that  reason,  may  be  called  om- 
9nal  resins.  Their  properties  are  somewhat  different  from 
the  vegetable  resins,  but  they  have  not  been  all  examined 
with  precision.  The  following  are  the  most  remarkable  of 
these  substances : 

1 .  Ambergris. — This  substance  is  found  floating  on  the  Ambergrn. 
sea,  near  the  coasts  of  India,  Africa,  and  Brazil,  usually  in 
small  pieces,  but  sometimes  in  masses  of  50  or  100  pounds 
weight.  Various  opinions  have  been  entertained  concern- 
ing its  origin.  Some  affirmed  that  it  was  the  concrete  juice 
of  a  tree ;  *  others  thought  it  a  bitumen ;  but  it  is  now  con- 
sidered as  pretty  well  established,  that  it  is  a  concretion 
formed  in  the  stomach  or  intestines  of  the  pkyseter  macroce^ 
phaluSf  or  tpermaceti  whal&f 

Ambergris  when  pure  is  a  light,  soft  substance  which  Piroperties, 
swims  on  water.  Its  specific  gravity  varies  from  0*78  to 
0*92,  according  to  Brisson ;  Bouillon  La  Grange,  who  has 
published  an  analysis  of  it,  found  its  specific  gravity  from 
0*849  to  0'844.j:  Its  colour  is  ash  grey,  with  brownish 
yellow  and  white  streaks.  It  has  an  agreeable  smell,  which 
improves  by  keeping.    Its  taste  is  insipid. 

When  heated  to  122^  it  melts  without  frothing;  if  the 
beat  be  increased  to  212%  it  is  volatilized  completely  in  a 
white  smoke,  leaving  only  a  trace  of  charcoal.  When  dis* 
tilled,  we  obtain  a  whidsh  acid  liquid  and  a  light  volatile 
oil ;  a  bulky  charcoal  remains  behind.§ 

It  is  insoluble  in  water.  Acids  have  little  action  on  it. 
Weak  sulphuric  acid  occasions  no  change ;  but  when  con- 
centrated it  developes  a  little  charcoal.  Nitric  acid  dissolves 
it,  giving  out  at  the  same  time  nitrous  gas,  carbonic  acid, 
and  azotic  gas.  A  brownish  liquid  is  formed,  which  leaves^ 
when  evaporated  to  dryness,  a  brittle  brown  substance,  pos- 
sessing the  properties  of  a  resin.    The  alkalies  dissolve  it 

*  See  the  New  Abridgement  of  the  Phil.  Trans,  ii.  89. 

t  See  Phil.  Trans,  vols,  xxxiii.  xxxviii.  and  xc. 

X  Ann.  de  Chim.  xlvii.  73. 

§  BouilioD  La  Grange^  Aoo.  de  Chim.  xlvii.  73. 
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BookV.^  I7  die  aantanoe  of  heat^  and  fbnn  a  ioqp  Kd^^ 

'  Both  die  fiixd  and  foladle  qib  dMolve  a^^  Itit 

■oliible  also  in  edier  and  alcohol.* 

Aodjrifc  When  106  parts  of  ambergris  are  maoeiated  for  24 
hours  in  16  .parts  of  akohol^  the  Uqpid  assnmea  adeep 
fdiaw  coloor*  By  repeating  die  procffs^  the  aloob<d  takes 
«|»  the  whole  that  is  solnble.  Hot  ttoobol  dissolves  the 
iPBSI^  esoept  a  little  charrj  matter  easOy  separated  bgr  fil- 
Iration.  .It  weighs  5*4  parts.  The  cold  infhsions  of  alco- 
hol being  evaporated  to  diynesa^  there  remains  ahvown 
'  htilliant  sobstanoe^  which  is  readily  melted  by  heat,  and 
irhkh  volatjlixas,  comp|etd|jr  when  pot  upotk  hot  chaicoaL 
This  Tiilr^TT  possesses  the  pnqperties  of  a  resin»  It 
amounts  to  dO*8  parts.  .  It. js  precipitated  from  alcohol  by 
water,  kttvii^  a  portion  of  benaoic  add^  which  may  be 
likewise  separated . fiwn  ambaigris  by  Jiealf'aiid  by  the 
osual  prooeas  by  whidi  it  is  estraded  from  bensoin.  It 
amounts  to  11*1  parts.  When  the  hot  alocdiol  infiisian  is 
allowed  to  cool,  it  lets  fiill  the  portion  of  ambeigris  which 
it  held  in  solution.  This  substance  is  of  a  pale  ydlow  co- 
lour, and  easOy  sdlens  by  best.  When  slowly  cooled,  it 
assumes  a  fauneUar  form.  It  posseeses  die  properties  of  the 
fii^  matter  into  which  the  muscles  are  converted  by  nitric 
acid,  and  which  makes  its  appearance  when  dead  bodies 
are  allowed  to  putrify  in  great  numbers  together.  This 
substance  has  been  distinguished  by  the  name  of  adipoare^ 
from  its  resemblance  both  to  fet  and  wax.  The  quantity  of 
it  in  ambergris  amounts  to  52-8  parts.  Such  is  the  analysis 
of  ambergris  made  by  Bouillon  La  Grange.  This  sub- 
stance, then,  according  to  that  chemist,  is  composed  of 

CwtitB.  52-7  adipocire 

cuts. 

30-8  resjn 
11*1  benzoic  acid 
5*4  charcoal 

100 -Ot 

But  Bucholz  who  subjected  ambei^s  to  a  late  examina- 
tocm  was  unable  to  extract  any  benzoic  acid  from  it.  He 
considers  it  as  a  peculiar  substance4 

•  Bouillon  La  Grang.,  Ann.  de  Chim.  xl^  75 
+  Ann.  de  Chim.  Jvii.  80.  ^  ^^'    .  ^. .  ,    ...  „, 

X  Ibid.huiu.95. 
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9.  PfCpoUs.    This  is  a  substance  collected  by  bees  newly   Chap.  L 
placed  in  a  hive.    They  employ  it  to  cover  the  bottom  of  ^^— y*-^ 
the  hive^  and  to  coat  over  all  foreign  substances  which  are     ^^^ 
too  heavy  to  be  removed*    The  bees  bring  it  on  their  1^ 
and  feet;  to  which  it  adheres-  so  strongly  that  the  insect 
cannot  extricate  itself;  but  its  associates  pull  it  off  with 
their  jaws,  and  iq)ply  it  to  immediate  use.     It  is  probably 
a  vegetable  production;  but  as  this  is  not  known  forcer- 
tain^  and  as  it  is  prepared  by  anhnals,  I  have  reserved  ah 
account  of  its  properties  for  this  place.     Vauquelin  has 
subjected  it  to  a  chemical  analysis. 

It  is  at  first  soft  and  ductile,  but  it  gradually  hardens  Propertici. 
and  becomes  solid.    In-  large  masses  it  appears  blackish ; 
but  in  thin  pieces  it  is  semitransparenL    The  heat  of  the 
fingers  is  sufficient  to  soften  it,  and  give  it  the  ductility  of 
wax ;  but  it  is  more  ropy  and  tenacious.    It  is  tasteless,  but 
has  an  aromatic  odour  similar  to  that  of  the  balsam  of  Peru. 
When  macerated  in  alcohol,  it  tinges  the  liquid  of  a  deep 
red  colour ;  and  by  repeating  the  maceration,  the  portion 
soluble  is  separated.      Boiling  alcohol  dissolved  another 
portion  of  it;  and  by  repeated  decoctions  100  parts  of  pro« 
polis  were  reduced  to  14,  which  consisted  of  extraneous 
bodies.     All  the  alcoholic  solutions  were  mixed  and  passed 
through  a  fine  strainer,  which  separated  the  portion  that 
precipitated  as  the  decoction  cooled.  This  substance,  when 
properly  dried,  possessed  the  properties  of  wax.     ^rhe  al- 
cohol was  now  concentrated  by  distillation,  then  mixed  with 
water,  and  boiled*    A  resinous  mass  was  obtained  of  a  red 
brown  colour,  semitransparent,  and  very  brittle.  It  weighed 
57  parts.    The  water  in  which  it  had  been  boiled  con- 
tained  an  acid,  probably  the  benzoic.    By  distillation  the 
resinous  matter  yielded  a  volatile  oil,  and  became  harder. 
This  resin  is  soluble  in  fixed  and  volatile  oils,  and  very 
rimilar  in  its  properties  to  the  resin  of  balsam  of  Peru. 
Thus  100  parts  of  propolis  contain 

57  resin  ComUtu- 

14  wax  ^^' 

14  impurities 

15  acid  and  loss 


100* 
«  Nidiolson't  Jour.  v.  48. 


4M  ANIMAL  SUHfftANCES. 

Book  V.  5.  Castor.  This  rabstance  is  obtained  from  the  beaver. 
^""v*"^  In  each  of  the  inguinal  regions  of  that  animal  there  are 
^^*'^'  two  bags,  a  large  and  a  small.  The  large  ope  contains  the 
true  castor;  the  small  one  a  substance  ivhich  has  some  re- 
semblance to  it,  but  which  is  in  much  less  estimation.  We 
are  indebted  to  Bouillon  La  Orange  finr  a  set  of  experi* 
ments  on  it.* 
Propertici.  Castor  is  of  a  yellow  colour ;  and  when  newly  taken  ftom 
the  animal  it  is  nearly  fluid.  But  by  exposure  to  the  at- 
mosphere it  gradually  hardens,  becomes  darker  coloured, 
and  assumes  a  resinous  iqppearanoe.  Its  taste  is  bitter  and 
acrid,  and  its  odour  strong  and  aromatic.  In  water  it 
softens,  and  tinges  the  liquid  of  a  pale  yellow  colour.  The 
iniiision  gives  a  green  colour  to  Timetable  blues,  and  con- 
tains an  alkali.  By  long  continoed  maceration  a  deeper 
coloured  infusion  is  obtained,  which  yields  a  dry  extract  of 
a  tortoise-shell  colour,  soluble  in  ether  and  akohol.  Water 
precipitates  a  resinous  substance  from  the  alcohol.  From 
the  analysis  of  Bouillon  La  Grange  we  learn  that  castor 
contains  the  following  ingredients : 

Constitu-  !•  Carbonate  of  potash. 

*"^  2.  Carbonate  of  lune. 

8.  Carbonate  of  ammonia. 

4.  Iron. 

5.  Resin. 

6.  A  mucilaginous  extractive  matter. 

7.  A  volatile  oil. 

The  properties  of  the  resin  are  analogous  to  those  of  the 
resin  of  bile. 

Civet,  4.  Ch^t. — This  substance,  like  the  last,  is  obtained  from 

the  inguinal  region  of  the  civet-cat.  It  is  squeezed  out  of 
the  cavity  where  it  is  secreted  every  other  day.  It  is  em- 
ployed as  a  perfume,  but  has  not  hitherto  engaged  the  at- 
tention of  chemists.  Its  colour  is  yellow ;  its  consistence 
that  of  butter;  its  smell  so  strong  as  to  be  agreeable  only 
when  much  reduced  by  mixture  with  other  bodies.  It 
unites  readily  with  oils,  but  is  said  not  to  dissolve  in  alco- 
hol. In  that  case  it  ought  to  be  c:^cluded  from  the  class  of 
resinous  bodies. 

**»*#  5.  Mtisk.^^This  substance  is  secreted  into  a  kind  of  bag 

*  JouF.  de  Phys.  xlii, 
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situated  in  the  umbilical  region  of  the  quadruped  called  Chip.  I. 
moschus  maschifer.  Its  colour  is  brownish-red;  it  feels  ' 
unctuous;  its  taste  bitter;  and  its  smell  aromatic  and  in- 
tensely strong.  It  is  partially  soluble  in  water,  which  ac- 
quires its  smell ;  and  in  alcohol,  but  that  liquid  does  not 
retain  the  odour  of  musk.  Nitric  and  sulphuric  acids  dis- 
solve it,  but  destroy  the  odour.  Fixed  alkalies  develope 
the  odour  of  ammonia.  Oils  do  not  act  on  it.  At  a  red 
heat  it  has  the  same  fetid  smell  as  urine.*  Its  component 
parts  have  not  been  ascertained* 

6.  The  formica  rufoj  or  red  ant,  contains  also  a  peculiar 
resin,  as  has  been  proved  by  Fourcroy  and  Vauquelin.f 


SECT.  XIV. 

OF  SULPHUR  AND  PHOSPHORUS. 

These  two  simple  combustibles  constitute  a  part  of  many 
animal  substances;  but  in  what  state  of  combination  they 
exist  in  them  has  not  been  ascertained.  All  that  can  be 
done  therefore  at  present  is  to  mention  some  of  Uie  bodies 
from  which  they  may  be  separated. 

1.  Sulphur  seems  to  be  a  never-failing  attendant  on  aU  Sulphur, 
bumcn,  in  whatever  part  of  the  body  that  substance  exists 

as  a  constituent.  Scheele  ascertained  its  presence  in  the 
white  of  an  egg  and  in  milk;  X  Parmentier  and  Deyeux  in 
the  blood ;  $  Proust  in  urine  and  faeces,  in  the  muscles,  in 
hair,  &c.  and  he  has  made  it  probable  that  sulphur  is 
mixed  with  the  matter  which  is  transpired  from  the  body.|| 
This  chemist  informs  us,  that  in  the  blood  it  is  combined  with 
ammonia  in  the  state  of  hydrosulphuret  of  ammonia ;  but 
whether  it  be  in  the  same  state  in  other  parts  of  the  body 
is  not  known. 

2.  Phosphorus  exhales  from  different  animal  bodies  during  Phoiphp- 
putrifaction  in  the  state  of  phosphureted  hydrogen  gas,  and  '^ 

of  course  must  have  been  a  constituent  part  of  these  bodies. 
The  luminous   appearance  which  some   animals  exhibit 

•  Neamann.  f  Phil.  Mag.  xv.  148 

X  Scheele,  ii.  ST.  S  Jo^*  ^^  ^^y**  ^i^*  ^^' 

I  Ann.  do  Cbim.  zxs? i.  968. 
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BookV.  seems,  in  several  iifttancesy  to  be  owing  to  the  presence 
c£  this  very  combustiUe  substance :  but  the  experiments 
hitherto  made  upon  theis  animals  are  not  sufficiently  de- 
cisive.   . 


SECT.  XV. 


OF  ACIDS. 


Aods.  The  acids  which  have  been  discovered  ready  formed^ 

and  constituting  a  part  of  animal  bodies,  are  the  following: 

]•  Phoq>horic.  8.  Amniotic. 

2.  Sulphuric.  9.  Oxalic 

3.  Muriatic  10.  Formic 

4.  Carbonic  11.  Acetic 

5.  Benzoic  12.  Malic 

6.  Uric  IS.  Lactic. 

7.  Rosacic  14.  Silica. 

FlMf^ric.  1*  The  phosphoric  acid  is  by  &r  the  most  abundant  of 
all  the  acids  found  in  animals.  Combined  with  lime,  it 
constitutes  the  basis  of  bone;  and  the  phosphate  of  lime  is 
found  in  the  muscles  and  almost  all  the  solid  parts  of  ani- 
mals ;  neither  are  there  many  of  the  fluids  from  which  it  is 
absent.  In  the  blood,  phosphoric  acid  is  found  combined 
with  oxide  of  iron ;  and  in  the  urine  it  exists  in  excess, 
holding  phosphate  of  lime  in  solution. 

Sulphuric.  2.  Sulphuric  acid  has  been  shown  by  Berzelius  to  be  a 
constant  ingredient  of  urine.  It  is  a  very  common  consti- 
tuent of  the  liquid  contents  of  the  inferior  animals.  Thus 
sulphate  of  soda  is  found  in  the  liquor  of  the  amnios  of  cows, 
and  sulphate  of  lime  occurs  usually  in  the  urine  of  quar- 
drupeds. 

Muriatic.  3.  Muriatic  acid  occurs  in  most  of  the  fluid  animal  sub- 
stances, and  is  almost  always  combined  with  soda>  consti- 
tuting common  salt 

Carbonic.  4.  Carbonic  acid  has  been  detected  in  fresh  human  urine 
by  Proust,  and  it  occurs  in  the  urine  of  horses  and  cows 
abundantly,  partly  combined  with  lime. 

Benzoic.  5.  Benzoic  acid  was  first  discovered  in  human  urine  by 

Scheele ;  and  Fourcroy  and  Vauquelin  have  found  it  abun-* 

dantly  in  the  urine  of  cows.     Proust  has  detected  it  in  tlie 
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blood,  the  albumen  of  an  egg,  in  glue,  silk,  and  wool,  in  the  Chap.  i. 
sponge  different  species  of  algae,  and  even  in  mushrooms. 
This  chemist  even  thinks  it  probable  that  it  is  a  constituent 
of  all  substances  which  contain  azote.*  Or  more  pro- 
bably it  is  formed  during  the  action  of  reagents  on  these 
substances. 

6.  Uric  or  lithic  acid  was  discovered  by  Scheele  in  1776.  uric  ' 
It  is  the  most  common  constituent  of  urinary  calculi,  and 
exists  also  in  hirnian  urine.     That  species  of  calculus  which 
resembles  wood  in  its  colour  and  appearance  is  composed 
entirely  of  this  substance.     It  was  called  at  first  lithic  acid; 

but  this  name,  in  consequence  of  the  remarks  made  by  Dr. 
Pearson  on  its  impropriety,  has  been  laid  aside,  and  that  of 
uric  acid  substituted  in  its  place.f 

7.  Rosacic.     During  intermittent  fevers  urine  deposits  Rosacic. 
a  very  copious  precipitate,  which  has  been  long  known  to 
physicians  under  the  name  of  hteritious  sediment.    This 
sediment  always  makes  its  appearance  at  the  crisis  of  fevers. 

In  gouty  people,  the  same  sediment  appears  in  equal  abun- 
dance towards  the  end  of  a  paroxysm  of  the  disease ;  and 
if  this  sediment  suddenly  disappears  after  it  has  begun  to 
be  deposited,  a  fresh  attack  may  be  expected4  Scheele 
considered  this  sediment  as  uric  acid  mixed  with  some  phos- 
phate of  lime ;  and  the  same  opinion  has  been  entertained 
by  other  chemists :  but  Proust  affirms  that  it  consists  chiefly 
of  a  different  substance,  to  which  he  has  given  the  name  of 
rosacic  acid  from  its  colour,  mixed  with  a  certaui  propor- 
tion of  uric  add  and  phosphate  of  lime.  This  rosacic  acid, 
he  informs  us,  is  distinguished  from  the  uric  by  the  facility 
with  which  it  dissolves  in  hot  water,  the  violet  precipitate 
which  it  occasions  in  muriate  of  gold,  and  by  the  little  ten- 
dency which  it  has  to  crystallize. 

8.  Amniotic  acid  has  been  discovered  by  Vauquelin  and  Amniotic. 
Buniva  in  the  liquor  of  the  amnios  of  the  cow,  and  may  be 
obtained  in  white  crystals  by  evaporating  that  liquid  slowly. 
Hence  they  have  given  it  the  name  of  amniotic  acid.     It  is 

of  a  white  and  brilliant  colour ;  its  taste  has  a  very  slight 
degree  of  sourness;  it  reddens  the  tincture  of  turnsole;  it 

•  Ann.  de  Chim.  xxxn,  1272. 

t  Dr.  Pearson  rather  chooses  to  call  it  uric  oxide, 

%  Cniickfthauks^  Phil.  Mag.  ii.  849.        S  ^un.  de  Chim.  xxxvi.  265. 
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Book  V.   is  icftroely  loliible  in  cold  water^  bat  very  readily  in  bot 
^^'f^yr^  wafer,  from  which  it  separates  iq  long  needles  as  the  solu- 
tion cools.    It  is  soluUe  also  in  alcohol,  espedally  when 
assisted  by  heat.    It  combines  readily  with  pure  alkalies, 
and  forms  a  substance  which  is  very  w^Ue  in  water.    The 
other  acids  decompose  this  compound ;  and  the  acid  of  the 
.    liquor  of  the  amnios  is  precipitated  in  a  white  crystalline 
powder.    This  acid  does  not  decompose  the  alkaline  car* 
bonatesatthe  temperature  of  the  atmosphere^  but  it  docs  so 
when  assisted  by  heat    It  does  not  alter  solutions  of  silver, 
lead,  or  mercury,  in  pitric  add.  When  e^^poscd  to  a  strong 
heat  it  frothy  snd  exhales  an  odour  of  ammonia  and  of 
prussic  acid.    These  properties  are  sufficient  to  show  that 
it  is  diflbrent  from  every  other  acid.    It  i^roaches  nearest 
to  the  sadactic  and  the  uric  adds ;  but  the  first  of  these 
docs  not  fomish  ammonia  by  distillation  like  the  amniotic  ; 
the  uric  acid  is  not  so  scduble  in  hot  water  as  the  amniotic; 
it  does  not  crystalliae  in  white  brilliant  needles,  and  it  is 
insoluble  in  boiling  alcohol:  in  both  which  respects  it  di& 
j^  completdy  from  amniotic  add.* 

Onfic       .    9.  Qulic  add  has  been  found  only  in  a  qyedes  of  urinary 
calculi  first  analysed  by  Dr.  Wdlaston. 

10.  Formic  add  has  been  hitherto  found  only  in  the  for- 
mica nifOf  or  red  ant  The  details  have  been  already  given 
in  a  preceding  part  of  this  work. 

Acetic.  11.  Acetic.    This  acid  exists  in  the  formica  mfa^  or  red 

ant,  as  has  been  demonstrated  by  the  experiments  of  Four- 
croy  and  Vauquelin. 

Mtlic.  12.  Malic  acid.    This  add  has  been  detected  by  Four^ 

croy  and  Vauquelin  in  the  acid  liquid  obtained  from  the 
formica  rufa.  When  this  liquid  is  saturated  with  lime,  if 
acetate  of  lead  be  dropped  into  the  solution,  a  copious  pre* 
dpitate  fails,  which  is  soluble  in  acetic  add.  Fourcroy  and 
Vauquelin  exposed  the  precipitate  to  the  proper  trials,  and 
ascertained  that  it  was  malate  of  lead. 

Lactic.  IS.  Lactic  acid  has  been  shown  by  Berzelius  to  exist  in 

urine,  milk,  and  all  the  fluids  of  the  animal  body. 

Silica.  1^*  Silica  has  not  hither  been  detected  in  any  of  the  com- 

ponent parts  of  animals,  except  hair;  but  Fourcroy  and 
Vauquelin  found  it  in  urinary  calculi. 

*  Ann.  de  Cbim.  xxiiiL  279. 
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Besides  the  acids  enumerated  above,  several  others  have  Chap.i. 
been  mentioned  by  chemical  writers.  The  truth  is,  that  a 
variety  of  acid  liquors  have  been  observed  in  animals;  but  ^^^ 
BM  these  have,  not  been  examined,  we  do  not  know  whether 
they  are  pffflj'"**  substances,  or  merely  some  of  those  al- 
ready I  ininmafrrl  Chaussier,  in  1781,  pointed  out  an  acid 
in  the  silk  worm,  which  has  been  called  bombic  add.*  But 
the  list  of  its  properties  which  he  has  given  is  altogether  in- 
sufficient to  constitute  it  a  peculiar  substance ;  and  all  subr 
sequent  accounts  of  it  which  I  have  seen  are  mere  repeti- 
tions of  the  original  paper.  Dehne  obtained  an  acid  from 
the  insects  called  meloe  proscarabceus  and  majalis.  Chaus- 
sier obtained  an  acid  from  the  grasshopper  and  the  bug. 
In  short,  acids  are  obtained  from  many  of  the  insect  tribe ; 
and  from  the  experiments  published,  it  is  extremely  proba- 
ble that  in  most  of  these  insects  the  acid  is  the  acetic 


SECT.  XVI. 


OF  ALKALIES,  EARTHS,   AND  METALS. 

L  All  the  alkalies  have  been  found  in  the  fluids  of 
animals. 

1.  Potash  is  rather  uncommon  in  the  human  fluids ;  but  Pdiash. 
it  has  been  detected  in  the  milk  of  cows,  and  it  has  been 
feund  abundantly  in  the  urine  of  quadrupeds. 

2.  Soda  exists  in  all  the  fluids,  and  seems  always  to  be  Soda. 
combined  with  albumen.     Phosphate  and  muriate  of  soda 
are  also  found.    It  is  this  alkali  which  gives  animal  fluids 
the  property  of  tinging  vegetable  blues  green. 

8.  Ammonia  has  been  detected  by  Proust  in  urine;  and  Ammonia. 
it  is  formed  in  abundance  during  the  putrifaction  of  most 
animal  bodies. 

II.  The  only  earths  hitherto  found  in  animals  are  lime 
and  magnesia. 

1.  Lime  exists  in  great  abundance  in  all  the  larger  ani-  Line. 
flkflls.     Combined  with  phosphoric  acid,  it  constitutes  the 
basis  of  bones^  while  shells  arc  composed  of  carbonate  of 

• 

*  Mem.  Dijon,  1783,  iL  70. 
VOL.  IV.  2  G 
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Book  V.  lime*    Pho^hate  of  lime  ii  (oaaA  iSso  in  tbe  Anscles  and 
^— v"^  other  solid  parts,  tod  it  ft  hdd  in  soluficm  by  almost  all 

the  fluids. 
Masnesia-       2.  Magnesia  has  been  detected  in  Iraman  urine  by  Four- 

croy  and  Vauquelin,  combmed  with  pboqCiiMtfic  iknd  and 

ammonia.    It  constitutes  also  sometimes  A%M^pcNient  part 

of  urinary  calculi. 
The  metals  found  in  animals  are  two;  namely,  iron  and 

manganese, 
lion.  1.  Iron  combined  with  phosphoric  acid  Is  a  constituent 

part  of  the  blood.     Its  presence  was  first  ascertained  by 

M anghini,  who  proved  at  the  same  time  that  it  does  not 

exist  in  the  solid  parts  of  animals.    It  is  sidd  to  exist  also  in 

bile. 
Manganese.     2.  Manganese  has  been  found  in  human  hair,  but  scarcely 

in  any  other  animal  substance. 


SECT.  xvn. 

OF    ANIMAL  PRINCIPLES  IN   GENERAL. 

Such  are  the  properties  of  all  the  animal  substances 
hitherto  detected  and  accurately  examined.  They  are  by 
no  means  so  numerous  as  the  vegetable  principles,  owing  in 
all  probability  to  the  chemical  examination  of  animals  hav- 
ing been  hitherto  confined  to  a  small  number,  while  a  much 
more  extensive  range  has  been  taken  in  the  vegetable  king- 
dom. The  inferior  animals,  if  we  except  a  few  insects,  have 
Substances  attracted  but  little  of  the  attention  of  chemists.  I  confess, 
"**"*"  •  too,  that  I  have  omitted  on  purpose  an  account  of  several 
principles  which  are  well  known  to  exist  in  the  animal  king- 
dom, merely  because  we  know  nothing  so  precise  about 
their  chemical  properties  as  to  enable  us  to  class  them  pro- 
perly. I  may  mention,  as  an  example,  the  colouring  matter 
of  the  shell-fish  with  which  the  ancients  dyed  their  purple. 
The  reader  will  find  a  very  full  and  interesting  account  of 
all  that  we  know  respecting  this  substance  in  Dr.  Bancroft's 
Philosophy/  of  Permanent  Colours.  I  may  mention  also  the 
liquor  emitted  by  the  ink  fish. 

Almost  the  whole  of  the  soft  parts  of  animal  bodies  con- 
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sist  of  albmnen,  fibrin,  and  oil ;  while  the  bases  of  the  hard  Chap.  I. 
ports  is  either  phosphate  or  carbonate  of  lime.  The  other 
animal  principles  occur  only  in  small  quantities,  and  parti- 
cular parts  of  the  animal.  The  oils  seldom  enter  into  the 
structure  o£  the  organs  of  animals :  they  serve  rather  to 
lubricate  the  .different  parts,  and  to  fill  up  interstices.  Ge- 
latin 18  insoluble  in  cold  water,  albumen  insoluble  in  hot, 
and  fibrin  insoluble  both  in  cold  and  hot.  The  constitu- 
ents of  these  three  bodies,  according  to  the  best  analyses  of 
them  hitherto  made^  are  as  follows : 

Atoms  of 
Carbon.  Oxygen 

Gelatin ....  15   6 

"Albumen  ..  17   6 

Fibrin   ....  18    5 


.          Hydrogen. 
14'    ... 

Azote. 

.  . .   ^ 

18    ... 

...  2 

14    ... 

.  •  •    9 

The  colouring  matter  of  blood  approaches  albumen  in 
many  of  its  properties;  but  it  seems  entirely  destitute  of 
azote. 

The  simple  bodies  of  which  the  animal  principles  consist  Simple  tub- 
^  the  following:  J-Tin 

1.  Azote.  8.  Soda.  *"""'^'- 

2.  Carbon.  9.  Potash. 

3.  Hydrogen.  10.  Muriatic  acid. 

4.  Oxygen.  11.  Magnesia. 

5.  Phosphorus.  12.  Silica. 

6.  Lime.  IS.  Iron. 

7*  Sulphur.  14.  Manganese. 

Of  these,  magnesia  and  silica  may  in  a  great  measure  be 
considered  as  foreign  bodies :  for  they  are  only  found  in 
exceedingly  minute  quantities.  The  principal  elementary 
ingredients  are  the  first  six:  animal  substances  may  be 
considered  as  in  a  great  measure  composed  of  them.  Th« 
first  fi>ur  constitute  almost  entirely  the  soft  parts,  and  tb^ 
other  two  form  the  basis  of  the  hard  parts.  But  we  shall  be 
able  to  judge  of  this  much  better  ^er  we  have  taken  a  view 
of  the  various  parts  of  animals  as  they  exist  ready  formed 
in  the  body.    This  shall  be  the  subject  of  the  next  Chapter. 
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PARTS  at  ANIMALS. 
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Solids. 


fluidSi 


CHAP.  II. 


OF  Tli£   PARTS  OF   ANIMALS. 


The  difierent  substances  which  compose  the  bodies  of 
animals  may  be  arranged  under  the  following  heads : 

1.  Bones  and  shells.  7.  Glands. 

2.  Horns  and  nails.  8.  Brain  and  nerves. 
S.  Muscles.                                9.  Marrow. 

4.  Skin.  10.  Hair  and  feathers. 

5.  Membranes.  11.  Silk  and  similar  bodies. 

6.  Tendons  and  ligaments. 

Besides  these  substances,  which  constitute  the  solid  parts 
of  the  bodies  of  animals,  there  are  a  number  of  fluids,  the 
most  important  of  which  are  the  chyme  and  chyles  liquids 
separated  from  the  food  in  the  stomach  and  intestines  for 
the  purpose  of  nourishing  the  animal  and  the  blood  into 
which  these  liquids  are  finally  converted.  The  rest  are 
known  by  the  name  of  secretions^  because  they  are  formed 
or  secret^  as  the  anatomists  term  it,  from  the  blood.  The 
principal  animal  secretions  are  the  following: 


1.  Milk. 

2.  Eggs. 

3.  Saliva. 

4.  Pancreatic  juice. 

5.  Bile. 

6.  Cerumen. 

7.  Tears. 

8.  Liquor  of  the  pericar- 

dium. 


9.  Humours  of  the  eye. 

1 0.  Mucus  of  the  nose,  &c- 

11.  Sinovia. 

12.  Semen. 

13.  Liquor  of  the  amnios. 
14-.  Poisonous  secretions. 
15.  Air. 


Various  substances  are  separated  either  from  the  blood  or 
the  food,  on  purpose  to  be  afterwards  thrown  out  of  the 
body  as  useless  or  hurtful.  These  are  called  excretions. 
The  most  important  of  them  are, 

1.  Sweat.  2.  Urine.  3.  Faeces. 

Besides  the  liquids  which  are  secreted  for  the  different 
purposes  of  healthy  animals,  tliere  are  others  which  make 
their  appearance  only  during  disease,  and  which  may  there- 
fore be  called  morbid  secretions.  The  most  important  of 
these  are  the  following : 
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1.  Pus. 

2.  The  liquor  of  dropsy. 
S.  The  liquor  of  blisters.  M®!"^  • 

To  these  we  must  add  several  solid  bodies,  which  are 
occasionally  formed  in  different  cavities  in  consequence  of 
the  diseased  action  of  the  parts.  They  may  be  called  mor-' 
bid  concretions.  The  most  remarkable  of  diem  arc  the  fol- 
lowing : 

1.  Salivary  calculi.  Morbid 

2.  Concretions  in  the  lungs,  liver,  brain,  8cc.  «>ncie- 

3.  Intestinal  calculi. 

4.  Biliary  calculi. 

5.  Urinary  calculi. 

6.  Gouty  calculi. 

These  different  substances  shall  form  the  subjects  of  the 
following  sections : 


SECT.  I, 


OF  BONES,  SHELLS,   AND   CRUSTS. 

Bt  bones  are  meant  those  hard,  solid,  well-known  sub*  Honei, 
stances,  to  which  the  firmness,  shape,  and  strength  of  ani-  ^^^* 
mal  bodies  are  owing;  which,  in  the  larger  animals,  form 
as  it  were  the  ground  work  upon  which  all  the  rest  is  built. 
Xn  man,  in  quadrupeds,  and  many  other  animals,  the  bones 
are  situated  below  the  other  parts,  and  scarcely  any  of  them 
are  exposed  to  view ;  but  shell-fish  and  snails  have  a  hard 
covering  on  the  outside  of  their  bodies,  evidently  intended 
for  defence.    As  these  coverings,  though  known  by  the 
name  of  sheUs^  are  undoubtedly  of  a  bony  matter,  I  shaU 
include  them  in  this  Section.    For  the  very  same  reason,  it 
would  be  improper  to  exclude  egg-^hellsy  and  those  covers 
ings  of  certain  animals,  the  lobster  for  instance,  known  by 
the  name  of  crusts.    The  solid  substances  belonging  to  that 
class  of  bodies  usually  distinguished  by  the  name  zoopliites^ 
may  be  included  likewise  without  impropriety  in  this  Sec- 
tion.   As  these  difierent  substances,  though  they  belong  to 
the  same  genus,  are  notwithstanding  distinguished  by  pecu- 
liar properties,  I  shall  consider  each  set  separately. 
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BpokV. 


PiDpertiest 


History. 


I.   BONES. 

The  bones  are  the  most  solid  part  of  animals.     Their 
texture  is  sometimes  dense,  at  dfher  times  cellular  and  po- 
rous, according  to  the  situation  of  the  bone.     They  are 
whiter  of  a  lamellar  structure,  and  not  flexible  nor  softened 
by  heat,    llieir  specific  gravity  differs  in  different  parts. 
That  of  adults'  teeth  is  2*2737 ;  the  specific  gravity  of  child- 
ren's teeth  is  2-0833.*     It  must  have  been  always  known 
that  bones  are  combustible^   and  that  when   sufficiently 
burnt,  they  leave  behind  them  a  white  porous  substance, 
which  is  tasteless,  absorbs  water,  and  has  the  form  of  the 
original  bone.     The  nature  of  this  substance  embarrassed 
the  earlier  chemists.     Beccher  observed,   that  in  a  very 
violent  heat  it  underwent  a  kind  of  fusion,  and  assumed  an 
appearance  analogous  to  that  of  porcelain.     It  was  after- 
wuds  considered  as  a  peculiar  earth,  and  distinguished  by 
the  name  of  animal  earth  or  earth  of  btmes.     Some  che- 
mists considered  it  as  the  same  with  lime;  but  the  difference 
between  it  and  that  earth  was  too  well  marked  to  allow  that 
opinion  to  gain  ground.     It  had  been  long  known  that 
bones  yielded  a  gelatinous  substance  when  boiled  in  water ; 
they  had  even  been  employed  in  the  manufacture  of  glue* 
Hence  it  was  obvious  that  they  contained  gelatin.     It  had 
been  observed,  that  all  acids  had  the  property  of  softening 
them  by  dissolving  their  earthy  and  gelatinous  constituents ; 
and   that  when  thus   softened   they   resembled   cartilage. 
These  facts  must  have  been  known  at  a  very  early  period, 
and  afforded  chemists  some  data  for  estimating  their  con- 
stituents. 

In  1771,  Scheele  mentioned,  in  his  dissertation  on  fluor 
spar,  that  the  earthy  part  of  bones  is  pluysphate  of  lime.f 
This  discovery  was  the  first  and  the  great  step  towards  a 
chemical  knowledge  of  the  composition  of  bones.  After- 
wards some  new  facts  were  made  known  by  Bemiard, 
Bouillon,  and  Rouelle :  but  for  by  far  the  most  complete 
analyses  which  have  hitherto  appeared  we  are  indebted  to 
Mr.  Hatchett5:f  to  Fourcroy  and  Vauquelin,§  and  to  Ber- 
zelius. 


♦  Pepys,  Fox  on  the  Teeth,  p.  99. 

+  The  discoverer  of  this  fact  was  Assessor  Gahn  of  Fahlun,  who  how- 


/«ver  never  publislied  it  himself. 
S  Ann.  de  China,  xlvii.  244. 


i  Phil.  Trans.  1799. 
n  Af  handlingar,  i.  195. 
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The  component  parts  of  bones  are  chiefly  four ;  namely,   Cbap.  ii. 
the  earthy  salts^fat^  gelatin^  and  cartilage.  '^■^ v-*^ 

1.  The  earthy  salts  may  be  obtained  either  by  calcining  ^|^"*^ 
the  bone  to  whiteness,  or  by  steeping  it  for  a  sufficient  length  i.  Earthy 
of  lime  in  acids.     In  the  first  case,  the  salts  remain  in  the  *'^^* 
state  of  a  brittle  white  substance ;  in  the  second,  they  are 
dissolved,  and  may  be  thrown  down  by  the  proper  preci- 
pitants.     These  earthy  salts  are  four  in  number :    1.  Phos- 
phate of  lime,  which  constitutes  by  far  the  greatest  part  of 
the  whole.    2.  Carbonate  of  lime.    3.  Phosphate  of  mag- 
nesia, discovered  by  Fourcroy  and  Vauquelin.    It  occurs 
in  the  bones  of  all  the  inferior  animals  examined  by  these 
indefatigable  chemists,  but  could  not  be  detected  by  them 
in  human  bones.    Berzelius  however  announces  its  exist- 
ence in  human  bones  also.    4.  Sulphate  of  lime,  detected 
by  Mr.  Hatchett  in  a  very  minute  proportion,  and  shown 
by  Berzelius  to  be  formed  during  the  calcination. 

To  estimate  these  substances,  calcined  bones  may  be  dis- 
solved in  nitric  or  muriatic  acid.  During  the  solution  car- 
bonic acid  gas  makes  its  escape.*  Pure  ammonia  dropped 
into  the  solution  throws  down  the  phosphate  of  lime  and 
phosphate  of  magnesia  in  the  state  of  a  fine  powder,  rea- 
dily soluble  without  eficrvescence  in  nitric  and  muriatic 
acids.  Nitrate  of  barytes  afterwards  causes  a  small  preci- 
tate  insoluble  in  muriatic  acid,  and  therefore  consisting  of 
sulphate  of  barytes.  Its  weight  indicates  the  quantity  of 
sulphuric  acid  in  bones,  from  which  the  sulphate  of  lime 
which  they  contain  may  be  cstimated.f  Carbonate  of  am- 
monia now  throws  down  pure  carbonate  of  lime.j;  These 
three  constituents  were  found  by  Hatchett  in  all  the  bones 
of  quadrupeds  and  fish  which  he  examined.  The  carbonate 
scarcely  exceeds  the  fifth  part  of  the  phosphate,  and  the 
proportion  of  sulphate  is  still  smaller.  As  the  proportion 
of  phosphate  of  lime  varies  not  only  in  different  animals, 
but  even  in  different  bones  of  the  same  animal,  and  even  in 
the  same  bone  of  different  ages,  no  precise  numbers  can  be 
given.  To  detect  and  estimate  the  phosphate  of  magnesia, 
Fourcroy  and  Vauquelin  employed  the  following  simple 
method:  the  bone,  previously  calcined  and  reduced  to  pow- 
der, was  treated  with  its  own  weight  of  sulphuric  acid,  and 

*  Hatchett,  Phil.  Trans.  1799,  p.  397.  f  Ibid.  }  Ibid. 


/• 


•.*•.  • 


4f58  .-A  PARTS  OF  ANIXALS, 

Book  v.  t&e  mixture  left  tcMnacerate'fe^five  or  six  days.  It  was 
^^■"v*^  then  diluted  with  water,  edulcorated,  and  filtered.  The 
filtered  liquid  was  mixed  with  an  excess  of  ammonia,  which 
threw  down  a  mixture  of  phosphate  of  lime  and  ammonio- 
phosphate  of  magnesia.  This  precipitate  is  boiled  in  potash, 
which  decomposes  the  magnesian  salt,  and  leaves  a  mixture 
of  magnesia  and  phosphate  of  lime.  This  mixture  is  treated 
with  boiling  acetous  acid,  which  dissolves  the  magnesia, 
and  leaves  the  phosphate  of  lime.  The  acetate  of  magne- 
sia is  decomposed  by  carbonate  of  soda,  and  the  carbonate 
of  magnesia  obtained  is  dissolved  in  sulphuric  acid.* 
9.  Fat.  2.  The  proportion  of  fiit  contained  in  bones  is  various. 

By  br^ing  bones  in  small  pieces,  and  boiling  them  for 
some  time  in  water,  Mr.  Proust  obtained  their  fat  swim- 
ming on  the  surface  of  the  liquid.  It  weighed,  he  says, 
one-fourth  of  the  weight  of  the  bones  employed.f    Thb 

Iiroportion  appears  excessive,  and  can  scarcely  be  accounted 
or  without  supposing  that  the  fat  still  retained  water. 
9.  Gclitin.  3.  The  gelatin  is  separated  by  the  same  means  as  the 
fat,  by  breaking  the  bones  in  pieces  and  boiling  them  long 
enough  in  water.  The  water  dissolves  the  gelatin,  and 
gelatinizes  when  sufficiently  concentrated.  Hence  the  im- 
portance of  bones  in  making  portable  soups,  the  basis  of 
which  is  concrete  gelatin ;  and  likewise  in  making  glue. 
By  this  process  Proust  obtained  from  powdered  bones 
about  -j^th  of  their  weight  of  gelatin.  This  celebrated 
chemiht  has  been  at  considerable  pains  to  point  out  the  ad- 
vantage of  employing  powdered  bones  in  the  preparation 
of  soups  and  broths ;  and  Cadet  de  Vaux  has  published 
a  set  of  experiments  to  show,  that  from  bones  thus 
powdered  as  much  good  soup  may  be  obtained  as  from  five 
times  their  weight  of  meat.J  But  when  Dr.  Young  re- 
peated this  Improbable  experiment  it  did  not  succeed.§ 
4.  Cartir  4.  When  bones  are  deprived  of  their  gelatin  by  boiling 

Jagc.  them  in  water,  and  of  their  earthy  salts  by  steeping  them 

in  diluted  acids,  there  remains  a  soft  white  elastic  substance, 
possessing  the  figure  of  the  bones,  and  known  by  the  name 
of  cartilage.  From  the  experiments  of  Hatchett,  it  ap- 
pears that  this  substance  has  the  properties  of  coagulateij 

♦  Ann.  de  Chim.  xlvii.  247.  f  Jour,  de  Phys.  lii.  257. 

J  Jour,  de  Chim.  iv.  95.    JQur.  of  the  lioyal  Insticut.  ii.  19. 
§  Ibid.  p.  25. 
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albumen*  Like  that  substance^  it  beoones  brittle  and  lemi-  Chap.li. 
transparent  when  dried,  is  readily  soluble  in  hot  nitric  acid, 
is  converted  into  gelatin  by  the  action  of  dOnted  nitric 
acid ;  for  it  is  sqinble  in  hot  water,  and  gelatinises  on  cool- 
ing, and  ammonia  dissolves  it  and  assumes  a  deep  orange  co- 
lour. Like  coagulated  albumen,  it  forms  an  animal  soap 
with  fixed  alkalies.*  Berzelius  found  its  weight  about  one- 
third  of  the  whole  bone. 

This  cartilaginous  substance  is  the  portion  of  the  bone 
first  formed.  Hence  the  softness  of  these  parts  at  first. 
The  phosphate  of  lime  is  aftcrwaixls  gradually  deposited, 
and  gives  the  bone  the  requisite  firmness.  The  gelatin 
and  fat,  especially  the  first,  give  the  bone  the  requi^te  de- 
gree  of  toughness  and  strength ;  for  when  they  are  removed 
the  bone  becomes  brittle.  Tlie  relative  proportion  of  phos- 
phate of  lime  and  cartilage  differs  exceedingly  in  different 
bones  and  in  different  animals. 

Merat-Guillotf  a  good  many  years  ago  published  a  com- 
parative analysis  of  the  bones  of  a  great  number  of  animals. 
Bat  Berzelius  found  these  results  quite  inaccurate.  The  di£* 
ferences  between  the  composition  of  the  bones  of  different 
animals  are  much  smaller  than  indicated  by  the  table  of 
Merat-Guillot.  The  following  table  exhibits  the  compo^ 
sition  of  calcined  human  bones  according  to  the  analysis  of 

Berzelius. 

Phosphate  of  lime 81*9 

Fluate  of  lime 3*0 

Lime 10*0 

Phosphate  of  magnesia  ....  1*1 

Soda 2*0 

Carbonic  acid 2*0 

ioo*0:t 

One  hundred  parts  of  firesh  bones  are  reduced  by  oald- 
nation  to  63  parts. 

Ox  bones,  according  to  the  analysis  of  Fourcroy  and 
Vauquelin,  are  coipposed  of 

*  Phil.  Trans.  1800.  f  Ann.  de  China  xxxiv.  71, 

J  Gehlen'f  Jour.  Second  SerieSi  iii.  1. 
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Solid  gelatin  ........  51  "0 

Phoq^te  of  lime ,  • .  •  37'7 

CarbomUe  of  lime.. ..  lOK) 

HiQsphate  of  magnesift  1*3 

lOO-O* 

According  to  the  analysis  of  Berzelius,  ox  bones  arc 
composed  of 

Cartilage    33'30 

Phosphate  of  lime 55*35 

Fluate  of  lime   3*00 

Carbonate  of  lime 3*85 

*      Phosphate  of  magnesia 2*05 

Soda  with  a  Uttle  common  salt .  •  2*45 

100*00f 

From  tlie  calcined  bones  of  horses  and  sheep,  fowls,  and 
fishes,  Fourcroy  and  Vauquelin  extracted  about  ^th  part 
of  phosphate  of  magnesia. 
Entmcl.         The  only  bone  hitherto  observed  altogether  destitute  of 
cartilage  is  the  enamel  of  the  teeth.    When  the  raspings  of 
bones  are  steeped  in  diluted  acids,  the  cartilage  alone  re- 
mains undissolved.     Now,  when  the  ratings  of  enamel 
are  treated  in  this  manner,  Mr.  Hatchett  observed  that 
the  whole  was  dissolved  without  any  residuum  whatever4 
If  we  believe  Fourcroy  and  Vauquelin,  the  enamel  of  the 
teeth  is  composed  of 

Phosphate  of  lime   •  •  • .     72*9 
Gelatin  and  water   ....     27*1 

100-0§ 

But  the  most  complete  analysis  of  teeth  has  been  made 
by  Mr.  Pepys,  and  his  results  agree  exactly  with  those  of 
Hatchett.  He  found  the  enamel  of  the  teeth  composed  of 

*  Ann.  de  Chim.  xlvii.  258.  ^  IMar  kemien,  ii.  128. 

t  Phil.  Trans.  1799^  p.  328.  §  Mem.  de  V  Instit.  ii.  284. 
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Phofiphate  of  lime  • ...  78 
Carbonate  of  lime  ....  6 
Loss  and  water 1*6 

100* 

Berzelius  however  could  not  find  two  per  cent,  of  com* 
bustible  matter  in  the  enamel  of  the  teeth.f 

From  the  analysis  of  Mr.  Pepys,  we  learn  that  the  teeth 
are  composed  as  follows :  X 

Roots  of  the 
Teeth. 

Phosphate  of  lime  • ...     58       . .       64?       . .      62       Aiu|ly«to  of 


•  • 


•  • 


Teeth  of 
Adults. 

64 

First  Teeth 
of  Childccn. 

..       62 

6 
20 

..      ,6 
..       20 

10 

12 

Carbonate  of  lime  ....       4 

Cartilage 28 

Loss    10 

100  100  100 

From  this  analysis,  we  see  that  teeth  contain  more  phos- 
phate and, less  cartilage  than  bone,  and  enamel  more  phos- 
phate than  teeth. 

Mr.  Hatchett   examined  likewise  fossil  bones  from  the  Fossil 
rock  of  Gibraltar.     He  found  them  to  consist  of  phosphate    ^^' 
of  lime  without  any  cartilage  or  soft  animal  part.    Their 
interstices  were  filled  with  carbonate  of  lime.     Hence  they 
resemble  exactly  bones  that  have  been  burnt     They  must, 
then,  have  been  acted  on  by  some  foreign  agent ;  for  putri- 
faction,  or  Ijring  in  the  earth,  does  not  soon  destrpy  the 
cartilaginous  part  of  bones.     On  putting  a  human  os  ho* 
merl,  brought  from  Hythe  in  Kent,  and  said  to  have  been 
taken  from  a  Saxon  tomb,  into  muriatic  acid,  he  found  the 
cartilaginous  residuum   nearly  as  complete  as  in  a  recent 
bone.      From    the    recent   experiments    of   Morichini,^ 
Klaproth,  j]    and  Fourcroy  and   Vauquelin,  ♦♦   we  Icam 
that  fossil  ivory  and  teeth  of  animals  frequently  contain 
a  portion  of  fluate  of  lime.     Morichini  and  6ay-Lus- 
sac  endeavoured  to  prove  that  this  salt  existed  even  in 
recent  ivory,  and  that  the  enamel  of  the  teeth  was  almost 
entirely  composed  of  itft    But  the  experiments  of  Wol- 

«  Fox  on  the  Teeth,  p.  96.  f  View  of  Animal  Chemistry,  p.  T8. 

I  Ibid.  ^  Phil.  Mag.  xsiu.  S65. 

I  G^Un^  Jour.  iii.  635.  •  •  Phil.  Mag,  xxv.  S65. 
tt  Phil.  Mag.  xxiii.  865. 
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Book  V.  laston,  Brande,*  Fourcroy  and  Vauqueliiif  f  have  shown 
^■"^•"^  that  there  does  not  exist  any  sensible  portion  of  fluoric 
acid  in  these  substances  while  recait.  Berzelius,  however, 
has  announced  that  he  separated  3  per  cent,  of  fluate  of  lime 
from  fresh  teeth,  and  that  he  has  detected  it  also  in  bones, 
nearly  in  the  same  proportion.  He  even  affirms  that  it 
exists  in  urine,  j:  And  as  his  experiments  appear  to  have 
been  made  with  considerable  care,  it  is  probable  that  the 
results  which  he  obtained  are  correct^ 

IJ.     SHELLS. 

Under  the  name  o£  shells  I  include  all  the  bony  coverings 
of  the  different  species  of  shell  fish.  For  almost  all  the 
knowIMge  of  these  substances  that  we  possess  we  are  in- 
debted to  the  important  dissertations  of  Mr.  Hatchctt.  A 
few  detached  facts,  indeed,  had  been  observed  by  other 
chemists ;  but  his  experiments  gave  us  a  systematic  view  of 
the  constituents  of  the  whole  class. 

Shells,  like  bones,  consist  of  calcareous  salts  united  to  a 
soft  animal  matter ;  but  in  them  the  lime  is  united  chiefly 
to  carbonic  acid,  whereas  in  bones  it  is  united  to  phos- 
phoric acid.  In  shells  the  predominating  ingredient  is 
carbonate  of  lime;  whereas  in  bones  it  is  phosphate  of 
lime.  This  constitutes  the  characteristic  difference  in  their 
composition, 
l^ivided  Air.  Hatchett  has  divided  shells  into  two  classes.     The 

cUmcZ^  first  are  usually  of  a  compact  texture,  resemble  porcelain, 
and  have  an  enamelled  surface,  often  finely  variegated. 
The  shells  belonging  to  this  class  have  been  distinguished 
by  the  name  of  porcelaneous  shells.  To  this  class  belong  the 
various  species  of  valuta^  cyprcca^  &c.  The  shells  belonging 
to  the  second  class  are  usually  covered  with  a  strong  epi- 
dermis, below  which  lies  the  shell  in  layers,  and  composed 
entirely  of  the  substance  well  known  by  the  name  o(  mother-- 
of'pearLw  They  have  been  distinguished  by  the  name  of 
mother-of'pcarl  shells.     The  shell  of  the  fresh  water  muscle^ 

•  Nicholson's  Jour.  xiii.  216.  1 1'^"^'  ^l^»  xxv.  266. 

%  Gehlen*s  Jour.  vi.  591. 

§  His  experiments  will  be  found  in  Gehlen's  Jour.  Second  Series,  iii. 
2.     There  is  an  abstract  of  them  in  Ann.  de  Chim.  Ixi.  256. 

II  Ilcrissant,  IVlem,  Par.  1766,  p.  22.  Hatchett,  Phil.  Trans.  1799,  p. 
D17. 
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tlie  haUotis  irisj  the  turbo  oleariusj  are  examples  of  such  shells.   Chip.  II. 
The  shells  of  the  first  of  these  classes  contain  a  very  small  ^*"*v— ^ 
portion  of  soft  animal  matter;  those  of  the  second  contain 
a  very  large  proportion.     Hence  we  see  that  they  are  ex- 
tremely different  in  their  composition. 

1.  Poroelaneous  shells,   when  exposed  to  a  red  heat,  i«P^Mrce- 
crackle  and  lose  the  colour  of  their   enamelled  surface* 
They  emit  no  smoke  or  smell ;  their  figure  continues  unal- 
tered, their  colour  becomes  opaque  white,  tinged  partially 

with  pale-grey.    They  dissolve  when  fresh    with  efferve- 
scence in  acids,  and  without  leaving  any  residue ;  but  if 
they  have  been  burnt  there  remains  always  a  little  charcoal. 
The  solution  is  transparent,  gives  no  precipitate  with  am- 
monia or  acetate  of  lead ;  of  course  it  contains  no  sensible 
portion  of  phosphate  or  sulphate  of  lime.     Carbonate  of 
ammonia  Uirows  down  on  abundant  precipitate  of  carbonate 
of  lime.     Porcelaneous  shells,  then,  consist  of  carbonate  Composed 
of  lime  cemented  together  by  a  small  portion  of  an  animal  ^*fo^„^ 
matter,  which  is  soluble  in  acids,  and  therefore  resembles  and  a  litue 
gelatin.*  j^*^- 

Patellffi  from  Madeira,  examined  by  Mr.  Hatchett,  were  PatellK. 
found,  like  the  porcelaneous  shells,  to  consist  of  carbonate 
of  lime;  but  when  exposed  to  a  red  heat  they  emitted  a 
smell  like  horn ;  and  when  dissolved  in  acids  a  semiliquid 
gelatinous  matter  was  left  behind.  They  contain  therefore 
less  carbonate  of  lime  and  more  gelatin,  which  is  of  a  more 
viscid  nature  than  that  of  porcelaneous  shells. 

2.  Mothcr-of  pearl  shdis  when  exposed  to  a  red  heat  s.  Mother^ 
crackle,  blacken,  and  emit  a  strong  fetid  odour.    They  ex-  ^'P^^^ 
foliate,  and  become  partiy  dark-grey,  partly  a  fine  white. 
When  immersed  in  acids  they  effervesce  at  first  strongly ; 

but  gradually  more  and  more  feebly,  till  at  last  the  emis- 
sion of  air-bubbles  is  scarcely  perceptible.     The  acids  take 
up  only  lime,  and  leave  a  number  of  thin  membranous  sub- 
stances,  which  still  retain  the  form  of  the  shell.     From 
Mr.  Hatchett's  experiments,  we  learn  that  these  membranes 
have  the  properties  of  coagulated  albumen.     Mother-of*  Of  mem- 
pearl  shells,  then,  are  composed  of  alternate  layers  of  coa-  ^"^*°^ 
gulated  albumen  and  carbonate  of  lime,  beginning  widi  the  of  lime. 
epidermis,   and  ending  with  the  last-formed  membrane. 

*  Hatchttt,  Phil.  Trans.  ir99.  p.  317. 
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Book  V.  The  animals  which  inhabit  these  shells  increase  their  habi* 
taXion  by  the  addition  of  a  stratum  of  carbonate  of  lime, 
secured  by  a  new  membrane;  and  as  every  additionftl  stra- 
tum exceeds  in  extent  that  which  was  previously  formed, 
the  shell  becomes  stronger  as  it  becomes  larger.* 

Though  tbb  in  general  is  the  structure  of  the  mother-of- 
pearl  shells,  yet  there  is  a  considerable  difierencc  between 
the  proportion  of  the  component  parts  and  the  consistency 
of  the  albuminous  part.  Some  of  them,  as  the  common 
oyster-shell,  approach  nearly  to  the  patella?,  the  albuminous 
portion  being  small,  and  its  consistence  nearly  gelatinous ; 
while  in  others,  as  the  halioHs  tns,  the  turbo  oleariusj  the 
real  mother-of-pearl,  and  a  species  of  firesh  water  muscle 
analjTsed  by  Hatchett,  the  membranes  are  distinct,  thin» 
compact,  and  semitransparenLf    Mother-of-pearl  contains 

Carbonate  of  lime 66 

Membrane.   24 


100  j: 


Petri.  Tearlj  a  well  known  globular  concretion  which  is  formed 

in  some  of  these  shells,  resembles  them  exactly  in  its  struc- 
ture and  composition.  It  is  a  beautiful  substance  of  a 
bluish-white  colour,  iridescent,  and  brilliant  It  is  com- 
posed of  concentric  and  alternate  coats  of  thin  membrane 
and  carbonate  of  lime.  The  iridescence  is  obviously  the 
consequence  cff  the  lamellated  structure.  § 
Bone  of  the  Mr.  Hatchett  found  that  what  is  called  the  bone  of  the 
cuttle  fish.  ciifii^,ji^fi  is  exactly  similar  to  mother-of-pearl  shells  in  its 

composition. 

From  the  comparative  analysis  of  shells  and  bones,  Mr. 
Hatchett  was  induced  to  compare  them  together,  and  has 
shown  that  porcelancous  shells  bear  a  striking  resemblance 
to  enamel  of  teeth ;  while  mother-of-pearl  shells  bear  the 
same  resemblance  to  the  substance  of  teeth  or  bone :  with 
this  difference,  that  in  enamel  and  bone  the  earthy  salt  is 
phosphate  of  lime,  whereas  in  shells  it  is  pure  carbonate  of 
lime. 

•  Hatchett,  Phil.  Trans.  1799,  p.  317.  ^  Ibid. 

X  Merat-Guillot,  Ann.  dc  Chira.  xxiv.  71. 
S  Hatchett,  PhiJ.  Traos.  1799. 
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III.  CRUSTS.  Chap.  H. 

By  crusts  we  understand  those  bony  coverings  of  which 
the  whole  external  surface  of  crabs,   lobsters,  and  other 
similar  sea  animals  are  composed.     Mr.  Hatchett  found 
them  composed  of  three  ingredients:    1.  A  cartilaginous  Consdm- 
substance  possessing  the  properties  of  coagulated  albumen ;  "^' 
2.  Carbonate  of  lime ;  S.  Phosphate  of  lime.     By  the  pre- 
sence of  this  last  substance  they  are  essentially  distinguished 
from  shells,  and  by  the  great  excess  of  carbonate  of  lime 
above  the  phosphate  they  are  equally  distinguished  from 
bones.    Thus  the  crusts  lie  intermediate  between  bones  and  Between 
shells,  partaking  of  the  properties  and  constitution  of  each.  jjj|^"^ 
The  shells  of  the  eggs  of  fowls  must  be  referred  likewise  to 
the  class  of  crusts,  since  they  contain  both  phosphate  and 
carbonate  of  lime.     The  animal  cement  in  them,  however, 
is  much  smaller  in  quantity.     From  the  experiments  of 
Bemiard  and  Hatchett,  it  .is  extremely  probable  that  the 
shells  of  snails  are  composed  likewise  of  the^same  ingre- 
dients, phosphate  of  lime  having  been  detected  in  them  by 
these  chemists. 

Mr.  Hatchett  examined  the  crusts  of  crabs,  lobsters, 
prawns,  and  cray  fish.  When  immersed  in  diluted  nitric 
acid  these  crusts  eifervesced  a  little,  and  gradually  assumed 
the  form  of  a  yellowish-white  soft  elastic  cartilage,  retainii^ 
the  form  of  the  crust.  The  solution  yielded  a  precipitate 
to  acetate  of  lead,  and  ammonia  threw  down  phosphate  of 
lime.  Carbonate  of  ammonia  threw  down  a  much  more 
copious  precipitate  of  carbonate  of  lime.  On  examining 
tlie  crust  which  covers  diilerent  species  of  echini^  Mr.  Hat- 
chett found  it  to  correspond  with  the  other  crusts  in  its 
composition.  Some  species  of  star-fish  yielded  a  phos- 
phate of  lime,others  none :  hence  the  covering  of  that  genus 
of  animals  seems  to  be  intermediate  between  shell  and  crusf . 
With  these  observations  of  Mr.  Hatchett  the  analysis 
of  Merat-Guillot  corresponds.  From  lobster  crust  he  ob-  Analysis. 
tained 

Carbonate  of  lime 60 

Phosphate  of  lime 14 

Cartilage 26 

100* 
*  Am),  de  Qiim.  txxvr.  7 1. 
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Book  V.        On€  hundred  parts  of  cray  fish  crust  contain 

Carbonate  of  Ihne 60 

Phosphate  of  lime 12 

Cartilage 28 


100 


# 


Efs-tbells.      One  hundred  parts  of  hen's  ^g-shells  contain 

Carbonate  of  lime S9'6 

Phosphate  of  lime 5*7 

Animal  matter 4*7 


100-0+ 

IT.   ZOOPHITES. 

Many  of  the  substances  called  zoophiles  have  the  hard- 
ness and  appearance  of  shell  or  bone,  and  may  therefore 
be  included  among  them  without  impropriety.  Others, 
indeed,  are  soft,  and  belong  rather  to  the  class  of  mem- 
brane or  horn ;  but  of  these  very  few  only  have  been  ex- 
amined. Indeed  scarcely  any  chemical  experiments  have 
been  published  on  these  interesting  subjects,  if  we  except 
the  admirable  dissertation  by  Hatchett,  in  the  Philosophical 
Transactions  for  1800,  which  has  been  so  often  quoted. 
From  this  dissertation,  and  from  a  few  experiments  of 
Mcrat-Guillot,  we  learn  that  the  hard  zoophites  are  com- 
Coroposi-  posed  chiefly  of  three  ingredients  :  1.  An  animal  substance  of 
^'®'*'  the  nature  of  coagulated  albumen,  varying  inconsistency; 

sometimes  being  gelatinous  and  almost  liquid,  at  others  of 
the  consistency  of  cartilage.  2.  Carbonate  of  lime.  3.  Phos- 
phate of  lime. 
Divided  In  some  zoophites  the  animal  matter  is  very  scanty,  and 

claM«!*'  phosphate  of  lime  wanting  altogether ;  in  others  the  animal 
matter  is  abundant,  and  the  earthy  salt  pure  carbonate  of 
lime;  while  in  others  the  animal  matter  is  abundant,  and 
the  hardening  salt  a  mixture  of  carbonate  of  lime  and  phos- 
phate of  lime ;  and  there  is  a  fourth  class  almost  destitute 
of  earthy  sjilts  altogether.  Thus  there  arc  four  classes  of 
zoophites;  the  first  resemble  porcelaneous  shells,  the  second 

*  Merat-Ouillot,  Ann.  de  Chim.  xxxiv.  71. 
t  X'uuqudin,  ibid,  xxix,  6, 
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resemble  motlienof-pearl  shell,  tlie  third  resemble?  crusts,  Chap.  1L 
and  the  fourth  horn.  ^*"V"^ 

1.  When  the  madrepora  virginea  is  immersed  in  diluted  i.Compo- 
nitric  acid  it  effervesces  strongly,  and  is  soon  dissolved.     A  ^nate^of 
few  gelatinous  particles  float  in  the  solution,  which  is  other-  lime  ind 
vnse  transparent  and  colourless.     Ammonia  precipitates  ^^^^' 
nothing;  but  its  carbonate  throws  down  abundance  of  car- 
bonate of  lime.     It  is  composed,  then,   of  carbonate  of 

lime  and  a  little  animal  matter.    The  following  zoophites 
yidd  nearly  the  same  results : 

# 

Madrepora  rauricata. 

■     labyrinthica. 
Millepora  cerulea. 

— alcicornis. 

Tubipora  musica. 

2.  When  the  madrepora  ramea  is  plunged  into  weak  9.  Of  car- 
nitric  acid,  an  effervescence  is  equally  produced;  but  after  ^^'l^l 
JEill  the  soluble  part  is  taken  up,  there  remains  a  membrane  membrane. 
which  retains  completely  the  original  shape  of  the  madre- 
pore.   The  substance  taken  up  is  pure  lime.     Hence  this 
madrepore  is  composed  of  carbonate  of  lime,  and  a  mem- 
branaceous substance  which,  as  in  mother-of-pearl  shells, 
retains  the  figure  of  the  madrepore.     The  followuig  zoo- 
phites yield  nearly  the  same  results : 

Madrepora  iascicularis. 
Millepora  cellulosa. 
'  fascialis. 

■  —  truncata. 

Iris  hippuris. 

The  following  substances,  analysed  by  Merat-GuiUot^ 
belong  to  tliis  class  from  their  composition,  though  it  is 
difficidt  to  say  what  are  the  species  of  zoophites  which  were 
analysed.  By  red  coral  he  probably  meant  the  gorgonia 
nobiliSf  though  that  substance  is  known,  from  Hatchett't 
analysis,  to  contain  also  some  phosphate. 
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Book  V.  membranous  substance^  which  possesses  the  properties  of 
coagtilated  albumen.  Hence  the  eflect  of  acids  and  alkalies 
on  them. 

The  (dofoniumJicuSf  asbestinum^  and  arboreumj  resemble 
very  much  the  cortex  of  the  gorgonia  suberosa  in  their 
composition.  They  yield  a  little  gelatin  to  water.  In 
nitric  acid  they  soften,  and  appear  membranous.  The  acid 
takes  up  the  carbonate  of  lime,  and  likewise  a  little  phos- 
phate, at  least  when  the  substance  has  been  previously 
heated  to  redness. 

Such  is  an  abstract  of  Mr.  Hatchett's  instructiTe  analysis 
of  the  zoophites. 


SECT.  n. 

OF  HORNS,   NAILS,  AND  SCALES. 

In  the  last  Section  I  treated  of  those  hard  parts  of  animals 
which  were  inflexible  and  incapable  of  being  softeqed  by 
heat,  and  which  contained  a  great  portion  of  calcareous 
salts ;  but  there  is  another  set  of  hard  parts  which  possess 
considerable  elasticity,  which  are  softened  by  heat,  and 
which  contain  but  a  very  small  portion  of  calcareous  matter. 
This  set  comprehends  the  substances  well  kno>^Ti  under  the 
names  of  Ao/tz,  nails,  and  scales.  The  fourth  class  of  zoo- 
phites ought,  in  strict  propriety,  to  be  joined  to  them ;  but 
in  the  present  state  of  our  kno^vledge  I  thought  it  better  to 
give  a  view  of  all  that  is  known  of  the  zoophites  in  one 
place. 

Almost  all  that  we  know  of  these  bodies  has  been  disco- 
vered by  Mr.  Hatchett.     Many  experiments,  indeed,  had 
been  made  by  preceding  chemists ;  but  not  of  such  a  nature 
as  to  throw  much  light  upon  their  composition. 
Horns.  1.  Hortis  are  well  known  substances  that  are  attached  to 

the  foreheads  of  oxen,  sheep,  and  various  other  animals. 
They  are  not  very  hard,  as  they  may  be  easily  cut  with  a 
knife  or  rasped  with  a  file;  but  they  are  so  tough  as  not  to 
be  capable  of  being  pounded  in  a  mortar.  When  in  thin 
plates,  they  have  a  degree  of  transparency,  and  have  been 
sometimes  substituted  for  glass  in  windows.     When  heated 

5 


HORNS,   KAILS,   AND  SCALES.  469 

sufficiently  tbey  become  very  soft  and  flexible,  so  that  tjieir  Chap.  n. 
shape  may  be  altered  considerably.     Hence  they  may  be  ^^V"^ 
gnuiually  squeezed  into  a  mould,  and  wrought  into  various 
fi>rms,  as  is  well  known.   When  strongly  heated  in  a  Papin's 
digester,  they  are  said  to  be  converted  into  a  gelatinous 
mass,  which  possesses  the  properties  of  gelatin. 

The  quantity  of  earthy  matter  which  they  contain  is  ex-  Compoied 
ceedingly  small.  Mr.  Hatchett  burnt  500  grains  of  ox  ^[^^* 
bom.  The  residuum  was  only  1*5  grain,  and  not  the  half 
of  this  was  phosphate  of  lime.  Seventy-eight  grains  of  the 
horn  of  the  chamois  left  only  0*5  of  residue,  of  which  less 
than  the  half  was  phosphate  of  lime.*  They  consist  chiefly 
of  a  membranous  substance,  which  possesses  the  properties 
of  coagulated  albumen ;  and  probably  they  contain  also  a 
little  gelatin.  Hence  we  see  the  reason  of  the  products 
that  are  obtained  when  these  substances  are  subjected  to 
distillation. 

The  horns  of  the  buck  and  hart  must,  however,  be  ex- 
cepted. From  the  experiments  of  Scheele  and  Rouelle, 
together  with  those  of  Hatchett,  we  know  that  these  sub* 
stances  possess  exactly  the  properties  of  bone,  and  are 
composed  of  the  same  constituents,  excepting  only  that  the 
proportion  of  cartilage  is  greater.  They  are  intermediate 
then,  between  bone  and  horn.  The  same  remarks  apply 
to  a  fossil  horn  found  in  France,  and  lately  analysed  by 
BracDnnot.    He  found  it  composed  of 

Siliceous  sand 4*0 

Gelatin 4*6 

Bitumen 4*4 

Oxide  of  iron    0*5 

Alumina 0*7 

Phosphate  of  magnesia ....  1  "0 

Water    ..' 11*0 

Carbonate  of  lime 4*5 

Phosphate  of  lime GO'S 

100*()t 

2.  The  ncdlSi  which  cover  the  extremities  of  the  fingeny  NaUs. 
are  attached  to  the  epidermis,  and  come  off  along  with  it. 

*  Fhil.  Trans.  1799,  p.  339.     f  Oehlen's  Jour.  Second  Series,  iii.  49. 
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Mr.  Hatchetthas  ascertained  that  they  are  ecnnposed  chiefly 
of  a  njembranous  substance,  wnich  possesses  the  properties 
of  coagulated  albumen.  They  seenf  to  contain  ako  a 
little  phosphate  of  lime..  Water  softens  but  does  not  dis- 
solve them ;  but  they  are  readily  dissolved  and  decomposed 
by  concentrated  acids  and  alkalies.  Hence  it  appears  that 
pails  agree  with  horn  in  their  nature  and  composition. 
Under  the  head  of  nails  roust  be  comprehended  the  talons 
and  claws  of  the  inferior  animals,  and  likewise  their  hoofs, 
which  differ  in  no  respect  from  horn. 

The  substance  called  tortoise-shell  is  very  diflerent  from 
shells  in  its  composition,  and  approaches  much  nearer  to 
the  nature  of  nail ;  for  that  reason  I  have  placed  it  here. 
When  long  macerated  in  nitric  acid,  it  soflens,  and  appears 
to  be  composed  of  membranes  laid  oyer  each  other,  and 
possessing  the  properties  of  coagulated  albumen.  When 
burnt,  5CK)  grains  of  it  yield  three  of  earthy  matter,  consist- 
ing of  phosphate  of  lune  and  soda,  with  a  little  iron.* 

8.  The  scales  of  animals  are  of  two  kinds ;  some^  as  those 
of  serpents  and  other  amphibious  animals,  have  a  striking 
resemblance  to  horn ;  while  those  offish  bear  a  greater  re- 
semblance to  mother-of-pearl.  The  composition  of  these 
two  kinds  of  shells  is  very  different. 

The  scales  of  fish,  as  had  been  observed  by  Lewenhocck, 
are  composed  of  diflerent  membranous  laminae.  When 
immersed  for  four  or  five  hours  in  nitric  acid,  they  become 
transparent  and  perfectly  membranaceous.  The  acid,  when 
saturated  with  ammonia,  gives  a  copious  precipitate  of 
phosphate  oflime.t  Hence  they  are  composed  of  alternate 
layers  of  membrane  and  phosphate  of  lime.  To  this  struc- 
ture they  owe  their  brilliancy.  Mr.  Hatchett  found  thespi- 
cula  of  the  shark's  skin  to  be  similar  in  its  composition,  but 
the  skin  itself  yielded  no  phosphate-of  lime. 

The  horny  scales  of  serpents,  on  the  other  hand,  are  com- 
posed alone  of  a  horny  membrane,  and  are  destitute  of 
phosphate  of  lime.  They  yield,  when  boiled,  but  slight 
traces  of  gelatin;  the  horn-like  crusts  which  cover  certain 
insects  and  other  animals  appear,  from  Mr.  Hatchett's 
experiments,  to  be  nearly  similar  in  their  composition  and 
nature. 


•  Hatchett,  Phil.  Trans.  1799,  p.  333. 


t  Ibid. 
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Thus  it  appears  that  these  substanees  bear  a  striking  chap.  ii. 
resemUanoe  to  each  other,  being  composed  of  a  membrane 
which  Hatchett  considers  as  coagulated  albumen.  -  Vau* 
qoeliii,  however,  who  affirms  that  they  dissolve  in  water^ 
provided  the  temperature  be  raised  sufficiently  in  a  digester 
above  the  boiling  point,  considers  them,  on  that  account, 
rather  as  a  species  of  concrete  mucus  than  as  coagulated 
albumen.* 


SECT.  III. 

OF  THE  MUSCLES  OF  ANIMALS. 

After  the  hard  parts  of  animals  have  been  examined,  it 
remains  for  us  to  consider  the  composition  of  the  soft 
parts.  Of  these,  the  muscles  naturally  claim  our  attention^ 
in  the  first  place^  as  being  the  most  important. 

The  muscular  parts  of  animals  are  known  in  common 
language  by  the  name  of  Jles/u  They  constitute  a  consider* 
able  portion  of  the  food  of  man. 

Muscular  flesh  is  composed  of  a  great  number  of  fibres  or 
threads,  commonly  of  a  reddish  or  whitish  colour ;  but  its 
appearance  is  too  well  known  to  require  any  description. 
Hitherto  it  has  not  been  subjected  to  any  accurate  chemical  Histoty. 
analysis.  Mr.  Thouvenel,  indeed,  has  published  a  valuable 
dissCTtation  on  the  subject ;  and  it  is  to  to  him  that  we  are 
indebted  for  almost  all  the  fiicts  known  concerning  the  com* 
position  of  muscle.  Some  curious  experiments  have  also 
been  made  by  Fourcroy  and  Vauquelin ;  Mr.  Hatchett  has 
not  neglected  this  part  of  the  subject  in  his  interesting  dis- 
sertations on  anioial  substances;  and  Berzelius  has  exa- 
mined muscles  as  well  as  every  other  part  of  the  animal 
body. 

It  is  scarcely  possible  to  separate  the  muscle  from  all  the 
•ther  bodies  with  which  it  is  mixed.  A  quantity  of  fat  often 
adheres  to  it  closely ;  blood  pervades  the  whole  of  it:  and 
[Kvery  fibre  is  enveloped  in  a  particular  thin  membranooi 

•  Nicholsoo's  Jour.  zr.  147. 
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^  matur,  wliicli  nnnfomUto  distinguUli  by  the  uonie  ol  a^wiut 
Eub8tanc«.  'Flic  analysis  of  the  muscle,  then,  cauiiot  be 
fiupptiscd  to  exiiibit  an  accurate  view  of  ihe  composition  of 
piiro  muscular  fibres,  but  only  of  muscular  fibre  not  per- 
fectly separated  liom  uther  substances. 

i.    When    a  inui>ele    ia  cut    in    small   pieces,  and  well 

'*  washed  with  water,  the  blood  and  other  liquids  contained 
iu  it  arc  separated,  and  part  of  the  muscular  substance  also 
is  dit^solvcd.  Tiie  muscle,  by  this  process,  is  converted 
into  a  while  fibrous  substance,  atiii  retaining  the  form  of  the 
oriffinnl  body.  The  water  assumes  the  colour  which 
riEults  from  mixing  water  with  some  blood.  When  heated 
it  eougulatea ;  brown  flakes  swim  on  the  surface,  consisting 
of  nltmmen  combined  with  the  colouring  matter  of  the 
blood  :  sonic  fibrin  likewise  precipitates.  If  the  evaporar- 
tion  be  continued,  more  albumen  precipitates,  and  at  last 
the  whole  assumes  the  form  of  a  jelly.  When  evaporated 
to  dryiiMB,  and  treated  with  alcohol,  the  gelatin,  thus 
formed,  tof^ether  with  a  little  phosphate  of  soda  and  ammo- 
nia, remains  undissolved;  but  the  alcohol  dissolves  a  pecu- 
liar &r^r£u*Jii«  matter,  first  obsei-ved  by  Thouvcnel.  This 
matter  may  be  obtained  by  evaporating  the  alcohol  to  dry- 
ness. It  has  a  reddish-brown  colour,  a  strong  acrid  taste, 
and  aromatic  odour.  It  is  soluble  both  in  water  and  alco- 
hol; and  when  ita  watery  solution  i>  very  much  cmceo- 
trated,  it  asanmes  an  acid  and  bitter  taste.  It  swells  upon 
hot  coals  and  melta,  emitting  on  acid  and  penetrating  sindL 
It  attracts  moisture  from  the  air,  and  forms  a  saline  efflores- 
cence. Id  a  hot  atmosphere  it  becomes  sour  and  putrifiea. 
When  distilled,  it  yields  an  acid,  partly  combined  with 
ammonia.  According  to  Berzeliiia,  it  consists  of  lactic  acid 
and  lactate  tA  soda. 

'  2.  If  the  mnscl^  after  being  thus  treated  wiUi  etHA 
water,  be  boiled  for  a  sufficient  time  in  water,  on  ndditicm^ 
portion  of  the  same  substances  are  separated  from  it.  Some 
albumen  collects  oo  the  mirbcein  the  form  of  scum,  accom- 
panied with  some  melted  fat.  The  water,  wh«i  suffioien^ 
concentrated  by  evaporation,  assnmee  the  form  of  a  jelly. 
Wh»  evfl^rated  to  dryness,  and  treated  with  alcohol,  the 
gelatin  and  phosphoric  salts  remun,  while  the  extractive 
matter  of  Tliouvenel  is  diasdved,  and  may  be  obtained  by 
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evaporating  to  dryness.  It  is  by  this  proeeas  that  it  is  pro-  Chap.  IL 
cured  in  a  sofficient  quantity  for  examination,  cold  water  ^"V"""^ 
abstracting  only  a  very  small  portion  from  the  muscle. 

3.  The  muscle,  thus  treated  with  water,  is  left  in  the  Insoluble 
state  of  grey  fibres,   insoluble  in  water,   and  becoming^^ 
brittle  when  dry.    This  substance  possesses  all  the  proper* 

ties  tS fibrin. 

4.  From  these  facts,  ascertained  by  Thouvenel  and  Four- 
croy,*  it  appears  that  the  muscles  are  composed  chiefly  of 
fibrin,  to  which  they  owe  their  fibrous  structure  and  their 
finrm,  and  that  they  contain  also 

2.  Albumen.        5.  Phosphate  of  soda. 

3.  Gelatin.  6.  Phosphate  of  ammonia. 

4.  Extractive.       7.  Phosph.  of  lime  and  carb.  of  do. 

For  the  discovery  of  the  last  ingredients  we  are  indebted  to 
Mr.  Hatchett,  who  found  that  500  parts  of  beef  muscle 
left,  after  combustion,  a  residuum  of  ^b*^  parts,  consisting 
chiefly  of  these  salts.  When  muscles  are  long  boiled  in  water, 
Mr.  Hatchett  found  that  the  greater  part  of  the  phosphate  of 
lime,  as  well  as  of  the  alkaline  phosphates,  was  dissolved ; 
for  the  muscle,  after  this  treatment,  when  dissolved  in  nitric 
acid,  yielded  scarcely  any  phosphate  of  lime ;  whereas  if  it 
was  dissolved  directly  in  nitric  acid,  a  precipitate  of  phos- 
phate of  lime  was  thrown  down  by  ammonia.  Hence  it 
would  appear,  either  that  the  phosphate  of  lime  is  united 
to  gelatin,  or  that  it  is  rendered  soluble  by  means  of  it. 
The  carbonate  of  lime  still  remains  after  the  action  of  water, 
and  is  converted  into  oxalate  when  the  muscle  is  treated 
with  nitric  acid. 

Fourcroy  and  Vauquelin  have  likewise  detected  the  pre- 
sence of  potash  and  sulphuric  acid  in  muscle.  To  these 
chemists  we  are  indebted  for  a  very  curious  set  of  experi- 
ments on  the  action  of  nitric  acid  on  muscular  fibres.  They 
found  that  4*826  ounces  of  muscular  fibre,  mixed  with  its 
own  weight  of  nitric  acid,  of  the  specific  gravity  1*284,  and 
heated  till  it  boiled  gently,  gave  116  cubic  inches  of  gas, 
composed  of  nine  parts  by  bulk  of  azote  and  one  part  of 
carbonic  acid.  What  remained  in  the  retort  consisted  of 
three  distinct  substances :  1.  A  greasy  substance  of  a  yellow 
colour,  which  floated  on  the  surface;  2.  A  yellow  liquid ; 

♦  Fourcroy,  ix.  242. 
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S/A  mM  tOMM&t^Mdk  idll  MiUed  ita  fibreni  Mppmrmoe, 
TUt  hft  wai  sepantad  by  mettM  of  adoohol  into  two  dk« 
tmct  tobtteooet;  namdly^  afiit^matlBr  taken  up  bytlio 
alooboly  and  a  yellow  enbefancie  imoinhle  in  diat  liquid^ 
whidi  poeteeeed  the  prcpertiei  of  an.  acidy  and  to  wbidi 
tiiey  gave  the  name  of  yaffour  mH  and  of  which  the  pro* 
perties  have  been  deta^ed  in  the  last  Chqiter  when  treating 
offibrin.  The  yelkiw  liqnid  ointained  oxalic  and  inaUc  acidy 
probably  ibnned  fvom  the  oettnlar  anbstanoe^  a  portion  ii 
yellow  add  somewhat  altered  and  aome  bitter  principle.* 

S.  Berthollet  boiled  the  moade  of  beef  in  water  till  the 
Uqnid  ceased  to  be  precipitated  by  infusion  of  nut-galls. 
He  thai  suspended  t^  1k«  in  1^  fj^M  cyUnder  filled  with 
comnuHi  air,  and  ipivrted.pver  watfr.  The  oxygen  of  the 
air  was  changed  into  carboniiaacidy  die  beef  be^ine  putridf 
and»  when  b^ed  again  In  water,  jgave  out  gdatin.  By  ns 
peating  this  process  a  number  of  times  the  beef  acouired 
the  taste  and  smell  <^  <dd  fheese.  Veyy  little  ammonia  waa 
^vep  out  during  the  prope8s.t 
CoMiite.  6.  Ekf?diiisrabjectedaportionofmnscletoandaborata 
*^^  maljm.  About  three  fourths  of  it  were  liquids.  The 
IbUowing  ^ere  the  constituents  wfaidi  he  obtamed* 

I.  Solid  matters. 

Fibrin,  veft^els  and  nerves 15*8 

Cdlular  matter  dissolved  by  boiling     1*9 


^ 


17-7   ..  17-7 
IT.  Liquid  bodies. 

Muriate  and  lactate  of  soda 1*80 

Albumen  and  colouring  matter  of 

the  blood 2*20 

Phosphate  of  soda 0*2>0 

Extract 0*15 

Albumen  holding  in  solution  phos- 
phate of  lime 0*08 

WaterandlQss 77*17 

82*30   ..  82*3 


100*0$ 


•  Nicholfon*f  JoW.  xiii.  1^40.  f  Mem,  d'ArcueU,  i.  ^. 

1  Djorkemitii.  li.  174. 
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7.  The  muscles  of  different  animals  differ  exceedingly  Chap.lL 
iirom  each  other  in  their  appearance  and  properties,' at  least  -^!T)^^ 
as  articles  of  food ;  but  we  know  little  of  their  chemical  i^i^^  ^f 
differences.      The  observations  of  Thouvenel  alone  were  moidei. 
directed  to  that  object,  and  they  are  imperfect.     The  flesh 

of  the  ox  contains,  according  to  him,  the  greatest  quantity 
of  insoluble  matter,  and  leaves  the  greatest  residuum  when 
dried ;  the  flesh  of  the  calf  is  more  aqueous  and  mucous : 
the  land  and  water  turile  yields  more  matter  to  water  than 
the  pQuscIc  of  the  ox ;  but  Thouycnel  ascribes  the  differ- 
ence to  foreign  bodies,  as  ligaments,  &c.  mixed  with  the 
inuscle  of  the  turtle :  snails  yield  to  water  a  quantity  of 
matter  intermediate  between  that  given  by  beef  and  veal : 
with  them  the  muscles  of  frogs,  crayfish,  and  viperSj  agree 
nearly  in  this  respect ;  but  the  muscles  of  fresh  water  fish, 
notwithstanding  their  softness,  yield  a  considerably  smaller 
proportion.* 

8.  Wlien  meat  is  boiled,  it  is  obvious  that  the  gelatin^ 
the  extractive,  and  a  portion  of  the  salts,  will  be  separated, 
while  the  coagulated  albumen  and  fibrin  will  remain  in  a 
solid  state.  Hence  the  flavour  and  the  nourishing  nature 
of  8oups  derived  from  the  extractive  and  gelatin.  Whex| 
meat  is  roasted,  on  the  other  hand,  all  these  substances  con* 
tinue  in  it,  and  the  taste  and  odour  of  the  extractive  is 
greatly  heightened  by  the  action  of  the  fire.  Hence  the 
superior  flavour  of  roasted  meat.  Fourcroy  supposes  that 
the  brown  crust  which  forms  on  roasted  meat  is  composed 
^ptirely  of  the  extractive. 


SECT.  IV. 

OF  THE  8KIN. 

The  skin  is  that  strong  thick  covering  which  envelopes 
the  whole  external  surface  of  animals.  It  is  composed 
diiefly  of  two  parts :  a  thin  white  elastic  layer  on  the  out* 
side,  which  is  called  epidermis  or  cuticle;  and  a  much  thicker 

*  Some  experiments  on  the  gizzards  or  muscular  stomachs  of  fowls 
^ve  been  published  bj  Bouillon  La  Grange.  See  Nicholaob's  Journal, 
idu.900. 
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Book  V.  layer,  composed  of  a  great  many  fibres  closely  interwoTen, 
^^""v**^  and  disposed  in  different  directions ;  this  is  called  the  cutiSf 
or  true  skin.  The  epidermis  is  that  part  of  the  skin  which 
is  raised  in  blisters. 
Spkieraiif.  1.  The  epidermis  is  easily  separated  from  the  cutis  by 
maceration  in  hot  water.  It  possesses  a  very  great  degree 
of  elasticity. 

It  is  totally  insoluble  in  water  and  in  alcohol.  Pure  £xed 
alkalies  dissolve  it  completely,  as  does  lime  likewise^  though 
slowly.*  Sulphuric  and  muriatic  acids  do  not  dissolve  it, 
at  least  they  have  no  sensible  action  on  it  for  a  considerable 
time ;  but  nitric  acid  soon  deprives  it  of  its  elasdcity,  and 
causes  it  to  fall  to  pieces.t  It  is  well  known  that  the  living 
epidermis  is  tinged  yellow  almost  instantaneously  by  nitric 
acid ;  but  this  effect  does  not  take  place,  at  least  so  speedily, 
when  the  dead  cuticle  is  plunged  in  nitric  acid  altogether.^ 

If  the  cuticle  be  tmgcd  with  nitric  acid,  the  application 
of  ammonia  to  it  is  well  known  to  give  it  instantaneously  a 
deep-orange  colour.  Now,  as  Hatchett  has  shown  that 
this  change  is  also  produced  upon  coagulated  albumen  in 
the  same  circumstances,  and  as  the  epidermis  resembles 
that  substance  in  all  the  properties  above  detailed,  it  can 
scarcely  be  doubted  that  it  is  any  thing  else  than  a  peculiar 
modification  of  coagulated  albumen. 
Cutis.  2.  The  cutis  is  a  thick  dense  membrane,  composed  of 

fibres  interwoven  like  the  texture  of  a  hat.  When  it  is 
macerated  for  some  hours  in  water,  and  agitation  and  pres- 
sure employed  to  accelerate  the  effect,  the  blood,  and  all 
the  extraneous  matter  with  which  it  was  loaded,  are  sepa- 
rated from  it,  but  its  texture  remains  unaltered.  On  eva- 
porating the  water  employed,  a  small  quantity  of  gelatin 
may  be  obtained.  No  subsequent  maceration  in  cold 
water  has  any  farther  effect.  When  distilled  it  yields  the 
same  products  as  fibrin.  The  concentrated  alkalies  dissolve 
it,  converting  it  into  oil  and  ammonia.  Weak  acids  soften 
it,  render  it  transparent,  and  at  last  dissolve  it.  Nitric  acid 
converts  it  into  oxalic  acid  and  fat,  while,  at  the  same  time, 
azotic  gas  and  prussic  acid  are  emitted.  §    When  heated  it 

*  Ouiptaly  Ann.  de  Chim.  xxii.  221.    But  Davy  could  obtain  no  sola- 
tioo. 
t  Cruikskanks  on  Insensible  Perspiration^  p.  38. 
I  Ibid.  §  FoBTcroy,  ix.  954. 
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ontractSy  and  then  swells,  exhales  a  fetid  odour,  and  leaves  chap.  ii. 
k  dmse  charcoal,  difficult  to  incinerate.     By  spontaneous  ^""V^ 
lecomposition  in  water  or  moist  earth,  it  is  converted  into 
i  fiitty  matter  and  into  ammonia,  which  compose  a  kind  ot* 
oap.*     When  allowed  to  remain  long  in  water,  it  softens 
Liid  putrifies,  being  converted  into  a  kind  of  jelly.     When 
ong  boiled  in  water  it  becomes  gelatinous,  and  dissolves 
completely,  constituting  a  viscid  liquor,  which,  by  proper 
nraporation,  is  converted  into  glue.     Hence  the  cutis  of 
mimals  is  commonly  employed  in  the  manufacture  of  glue. 

From  these  facts  the  cutis  appears  to  be  a  peculiar  mo-  Asrecieiof 
Ufication  of  gelatin  enabled  to  resist  the  action  of  water,  s*^**""- 
Mirtly  by  the  compactness  of  its  texture,  and  partly  by  tho 
fiscidity  of  the  gelatin  of  which  it  is  formed ;   for  those 
(kins  which  dissolve  most  readily  in  boiling  water  afford 
the  worst  glue.     Mr.  Hatchett  has  obaerved  that  the  vis- 
cidity of  the  gelatin  obtained  from  skins  is  nearly  inversely 
as  their  flexibility,  the  supplest  hides  always  yielding  the 
weakest  glue;  but  this  glue  is  very  soon  obtained  from 
them  by  hot  water.     The  skin  of  the  eel  is  very  flexible, 
and  affords  very  readily  a  great  proportion   of  gelatin* 
The  skin  of  the  shark  also  readily  yields  abundance  of 
gelatin ;  and  the  same  remark  applies  to  the  skins  of  the 
hare,  rabbit,  calf,  and  ox;  the  difficulty  of  obtaining  the 
glue  and  its  goodness  always  increasing  with  the  toughness 
of  the  hide.     The  hide  of  the  rhinoceros,  which  is  ex* 
ceedingly  strong  and  tough,  far  surpasses  the  rest  in  the 
difficulty  of  solution  and  in  the  goodness  of  its  glue. 
When  skins  are  boiled,  they  gradually  swell  and  assume 
the  appearance  of  horn :  then  they  dissolve  slowly. 

3.  It  is  from  the  skin  or  cutis  of  animals  that  leather  is  Leather. 
fanned ;  and  the  goodness  of  the  leather,  or  at  least  its 
strength,  depends  in  some  measure  on  the  toughness  of 
the  hides.  Those  easily  soluble,  as  seal-skins,  afford  a 
weaker  leather  than  those  which  are  more  difficultly  solu- 
ble in  water.  The  process  by  which  the  skins  of  animals 
are  converted  into  leather  is  called  tanning.  It  seems  to 
have  been  known  and  practised  in  the  earliest  ages ;  but  its 
nature  was  totally  unknown  till  after  the  discovery  of  the 
immmg  principle  by  Seguin.    That  chemist  ascertained  that 

*  Fourcroy,  ix.  254. 
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ftx>k  V.    leath^  if  a  compound  of  taman  and  sHn  ;  that  it  id  to  the 

^'^^^"^"^  tannin  that  leather  owes  its  insolubility  and  its  power  of 

resisting  putrifaction.     The  subject  engaged  the  attention 

of  Davy,  who  examined  it  with  his  usual  ingenuit}',  and 

added  several  important  facts  to  our  former  knowledge. 

l^rqwntion      When  skins  are  to  be  tanned,  the  first  step  of  the  pro- 

•kins.         cess  is  to  deprive  them  of  their  hair  and  cuticle.     This  is 

either  done  by  steeping  them  in  water  till  they  begin  to 

putrify,  or  by  steeping  them  in  lime  and  water.    The  lime 

seems  to  combine  with  the  cuticle,  and  to  render  it  brittle 

and  easily  detachable  from  the  bide.     It  produces  the  same 

efiect  upon  the  hair  and  the  matter  at  its  root.*     When 

the  hides  have  been  stepped  for  a  sufficient  time,  they  are 

taken  out,  the  hair,  cuticle,  Sec*  scraped  off,  and  then  they 

are  washed  in  water. 

Afler  this  preliminary  process,  the  skins  are  subjected  to 
different  treatment  according  to  the  kind  of  leather  which 
is  to  be  made. 

The  large  and  thick  hides  are  introduced  for  a  short 
time  into  a  strong  infusion  of  bark.  They  are  then  said  to 
be  coloured*  After  this  they  are  put  into  water  slightly  im- 
pregnated with  sulphuric  acid,  or  with  the  acid  evolved 
during  the  fermentation  of  barley  and  rye.  This  renders 
them  harder  and  denser  than  they  were  before,  and  fits 
tliem  for  forming  sole  leather.  Davy  thinks,  that  bv  this 
process  a  triple  compound  is  formed  of  the  ski/iy  tan,  and 
acid.f 

The  light  skins  of  cows,  those  of  calves,  and  all  small 
skins,  are  steeped  for  some  days  in  a  lixivium  made  by  the 
infusion  of  pigeons'  dung  in  water.  This  lixivium  is  called 
the  gramer.  By  this  process  they  are  rendered  thinner  and 
softer,  and  more  proper  for  making  flexible  leather.  Davy 
considers  the  effect  of  this  lixivium  to  depend  upon  the  fer- 
mentation which  it  undergoes ;  for  dung  that  has  undergone 
fermentation  does  not  answer  the  purpose.  J 

After  these  preliminary  processes,  the  skins  are  exposed 
to  the  action  of  tlie  infusion  of  bark  till  they  are  converted 
into  leather. 
Processor        The  infusion   of   oak  bark   contains  two  ingredients, 

Unniog. 

•  Davy,  Journal  of  the  Koyal  lubtlt,  ii.  SO.  t  ^^'i^^-  P-  ^1» 

X  Ibid.  p.  32. 


nlunely)  tannin  and  an  extractive:  The  first  is  more  sola-  Chip,  ii.^ 
ble  than  the  second.  Hence,  in  saturated  infusions,  there 
is  a  much  greater  proportion  of  tannin  than  of  extractive ; 
whereas  in  weak  infusions  the  extractive  bears  a  greater 
proportion  to  the  tannin.  Davy  considers  it  as  doubtful 
whether  the  infusion  of  oak  bark  contains  any  galHc  acid. 
This  chemist  has  ascertained,  that  the  hides  extract  both 
the  tannin  and  extractive  from  the  infusion,  and  leave 
nothing  behind  but  pure  water,  provided  they  be  employed 
in  sufiicient  quantity.  Hence  it  is  obvious,  that  both  the 
tannin  and  extractive  must  enter  into  the  composition  of 
leather.  The  extractive  gives  the  hide  a  brown  colour, 
but  does  not  render  it  insoluble  in  boiling  water;  the  tannin 
renders  it  insoluble,  but  its  colour  continues  whitish.  Hence 
it  is  likely  that  the  lightest  kinds  of  leather  contain  little 
else  than  tannin,  while  the  brown  kinds  contain  both  tan- 
nin and  extractive,  and  tlie  new  compound  is  leather. 
Hence  the  reason  of  the  increase  of  its  weight. 

Calf-skins,  and  those  hides  which  are  prepared  by  the 
gramer^  arc  first  steeped  in  weak  infusions  of  oak  bark,  and 
gradually  removed  to  stronger  and  stronger,  till  they  are 
completely  impregnated,  which  takes  up  from  two  to  four 
months.  As  the  weak  infusions  contain  a  greater  propor- 
tion of  extractive,  the  consequence  of  this  process  is,  that 
the  skin  combines  in  the  first  place  with  a  portion,  of  it, 
and  afterwards  with  the  tannin.  When  saturated  solutions 
of  tannin  are  employed,  the  leather  is  formed  in  a  much 
shorter  time.  This  was  the  process  recommended  by 
Seguin ;  but  it  has  been  observed,  that  leather  tanned  in 
this  way  is  more  rigid  and  more  liable  to  crack  than  leather 
tanned  in  the  usual  way.  Hence  it  is  likely,  as  Davy  has 
observed,  that  the  union  of  the  extractive  is  requisite  to 
form  pliable  and  tough  leather.  Leather  rapidly  tanned 
most  be  less  equable  in  its  texture  than  leather  slowly 
tanned,  as  thie  surfiice  must  be  saturated  with  tannin  before 
the  liquid  has  time  to  penetrate  deep.  Davy  has  ascertained 
diat  skins,  while  tanning,  seldom  absorb  more  than  ^  of 
thdr  weight  of  vegetable  matter. 

Skins  intended  for  sole  leather  are  generally  kept  from 
the  first  in  an  infusion  preserved  nearly  saturated  by  means 
of  the  strata  of  bark  with  which  they  alternate.  The  full 
Jniprcgaation  requires  firom  ten  to  eighteen  months.    It  is 
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Book  V.  likely,  from  this  process^  that  sole  leather  contains  a  greater 
^*"v— ^  proportion  of  tannin  than  soft  Icaather.  While  drying,  it 
is  smoothed  with  a  rolling-pin,  and  beat  with  a  mallet, 
which  must  add  considerably  to  its  density.* 
Rett  muco-  4.  As  to  the  rete  mucosumj  or  the  mucous  substance,  si- 
tuated between  the  cutis  vera  and  epidermis,  its  composi* 
tion  cannot  be  determined  with  precision,  because  its  quan- 
tity is  too  small  to  admit  of  examination.  It  is  known  that 
the  black  colour  of  negroes  depends  upon  a  black  pigment, 
situated  in  this  substance.  Chlorine  deprives  it  of  its  black 
colour,  and  renders  it  yellow.  A  negro,  by  keeping  his 
foot  for  some  time  in  water  impregnated  with  that  gas,  de- 
prived it  of  its  colour,  and  rendered  it  nearly  white ;  but 
in  a  few  days  the  black  colour  returned  again  with  its 
former  intensity.f  Hus  experiment  was  first  made  by  Dr. 
Beddoes  on  the  fingiers  of  a  negro.  % 


SECT.  V. 

OF  MEMBRANES,  TENDONS,   LIGAMENTS,   AND  GLANDS. 

These  substances  have  not  hitlicrto  been  subjected  to  a 
rigid  chemical  analysis.     But  from  the  properties  which 
have  been  observed,  they  appear  to  have  a  closer  resem- 
blance to  the  skin  than  to  any  other  animal  substance. 
Mem-  1.  The  membranes  are  thin  scmitransparent  bodies  which 

brancs.  envelope  certain  parts  of  the  bmly,  especially  the  viscera; 
such  as,  the  dura  and  pia  mater,  the  pleura,  the  perito- 
neum, the  periosteum,  &c.  These  substances  are  soft  and 
pliable ;  when  macerated  in  water,  they  swell,  and  become 
somewhat  pulpy ;  and  by  continued  decoction  in  hot  water 
they  are  almost  completely  dissolved,  and  the  solution  con- 
cretes into  gelatin.  They  ai*e  convertible  of  course  into 
the  same  substance  as  tlie  cutis  by  decoction ;  hence  we 
Resemble  must  consider  their  composition  as  similar.  Like  hides 
they  may  also  be  tiinned  and  converted  into  leather. 
From  the  experiments  of  Mr.  Hatchett,  it  appears  that 

•  See  Davy  on  t!ie  Preparation  of  Skin  for  Tanning.     Hoyal  Instlt. 
ii.  SO. 

f  Fourcroy,  ix.  p.  259.  t  Beddoes  on  Factitioas  Airs,  p.  45. 
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they  contain  no  phosphate  of  lime  as  a  constituent  part,  Chap.  II. 
and  scarcely  any  saline  ingredients ;  for  when  calcined  they  '^*"V*^ 
leave  but  a  very  inconsiderable  residuum*    Thus  250  grains        ' 
of  hog's  bladder  left  only  0*09  grain  of  residuum.* 

2.  The  tendons  arc  strong,    pearl-coloured,    brilliant  Tendons. 
bodies,  which  terminate  the  muscles,  and  attach  them  to 

the  bones,  and  arc  known  in  common  language  by  the 
name  of  sineius.  When  boiled  they  assume  the  form  of  ^ 
semitransparent  gelatinous  substance,  of  a  pleasant  taste, 
well  known  in  boiled  meat.  If  tlie  decoction  be  continued 
they  dissolve  completely,  and  are  converted  into  gelatin. 
From  these  facts  we  are  authorized  to  conclude,  that  the 
composition  of  the  tisndons  is  similar  to  that  of  the  mem- 
branes and  cutis. 

3.  The  ligaments  are  strong  bands  which  bind  the  bones  Llpmcnti. 
together  at  the  diiierent  joints:  they  are  fibrous  substances, 

yery  dense  and  strongs  and  somewhat  elastic.  When 
boiled  they  yield  a  portion  of  gelatine,  but  they  resist  the 
action  of  water  with  great  obstinacy,  and  after  a  great  deal 
of  boiling  retain  their  form,  and  even  their  strength.  The 
ligaments,  then,  differ  essentially  froyn  the  two  last  species. 
How  far  they  resemble  coagulat^  albumen  remains  to  be 
ascertained.  It  is  not  unlikely  that  they  will  form  a  genus 
apart. 

4.  The  glands  are  a  set  of  bodies  employed  to  form  or  to  ObadK 
alter  the  different  liquids  which  are  employed  for  different 
purposes  in  the  animal  body.    There  are  two  sets  of  them: 

the  conglobate^  which  are  small,  scattered  in  the  course  of 
the  lymphatics;  dnd  the  conglomerate^  such  as  the  liver^ 
kidne]rs,  &c.  Fourcroy  supposes  the  first  of  these  to  be 
imposed  of  gelatin ;  but  diis  is  not  very  probable.  The 
straptore  of  the  large  glands  has  been  examined  by  anato* 
mists  with  great  care ;  but  we  are  still  ignorant  of  their 
eomposition.  Indeed  the  present  state  of  chemistry  scarcely 
admits  of  an  accurate  analysis  of  these  complicated  bodies. 

•  PhU.  Tnuns.  1799,  p.  333. 
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Book  v.-         '  SECf .  VI- 

OF  THE  BRAIN  AND  NERVES. 

The  brain  and  ncires  are  the  instnimeDts  of  sensation^ 
and  even  of  motion;  for  an  animal  loses  the  power  of 
moving  a  part  the  instant  that  the  nerves  which  enter  it 
are  cut. 

The  brain  and  nerves  have  a  strong  resemblance  to  each 
other ;  and  it  is  probable  that  they  agree  also  in  their  com- 
position. But  hitherto  no  attempt  has  been  made  to  anar 
lyse  the  nerves.  The  only  chemists  who  have  examined 
the  nature  of  hrtm  are  Mr.  Thouret,*  Mr.  Fourcroy^f  and 
M.  Vauquelin.} 
Properties  The  brain  consists  of  two  substances,  which  difler  from 
•f  bnin.  ^,qj^  other  somewhat  in  colour,  but  which,  in  other  re* 
spects,  seem  to  be  of  the  same  nature.  The  outermost 
matter,  having  some  small  resemblance  in  colour  to  wood- 
ashes,  has  been  called  the  cineritious  part ;  the  innermost 
has  been  called  the  medullary  part. 

Brain  has  a  soft  feel,  not  unlike  that  of  soap;  its  texture 
appears  to  be  very  close ;  its  specific  gravity  is  greater  than 
that  of  water. 

When  brain  is  kept  in  close  vessels  so  that  the  external 
air  is  excluded,  it  remains  for  a  long  time  unaltered.  Four- 
croy  filled  a  glass  vessel  almost  completely  with  pieces  of 
brain,  and  attached  it  to  a  pneumatic  apparatus;  a  few 
bnbbles  of  carbonic  acid  gas  apf>eared  at  first,  but  it  re- 
mained above  a  year  without  undergoing  any  fiirther 
change.  § 

This  is  very  far  from  being  the  case  with  brain  exposed 
to  the  atmosphere.  In  a  few  days  (at  the  temperature  of 
60°)  it  exhales  a  most  detestable  odour,  becomes  acid,  as- 
sumes a  green  colour,  and  very  soon  a  great  quantity  of 
ammonia  makes  its  appearance  in  it. 
Action  of  Cold  water  does  not  dissolve  any  part  of  the  brain ;  but 
cold  ivaicr,  by  trituration  in  a  mortar  it  forms,  with  water,  a  whitish- 
coloured  emulsion,  which  appears  homogeneous,  may  be 
passed  tlirough  a  filter,  and  the  brain  does  not  precipitate 

•  Jour,  de  Phys.  xxxviii.  829.  f  Ann.  de  China,  xvi.  98S. 

I  ADoaU  of  Philosophy,  i.  SSS.  §  Ann.  de  Chim.  i?i.  S97. 
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by  rest.  "When  this  emulsioa  is  heated  to  14*5^,  a  white  Chap.  1 1. 
Goagulum  is  formed.  The  addition  of  a  great  quantity  of  '^  ■  v'  ' 
water  also  causes  a  coagulum  to  appear,  which  swims  on 
the  surfiice^  but  the  water  still  retains  a  milky  colour. 
When  sulphuric  acid  is  dropped  into  the  watery  emulsion 
of  brain,  white  flakes  separate  and  swim  on  the  sur&ce, 
and  the  liquid  becomes  red.  Nitric  acid  produces  the  same 
effects,  only  the  liquid  becomes  yellow.  Alcohol  also  sepa** 
ntes  a  white  coagulum  from  the  emulsion,  after  it  has  been 
mixed  with  it  for  some  hours.  When  nitric  acid  is  added 
to  the  emulsion  till  it  becomes  slightly  acid,  a  coagulum  is 
■lac  separated.  This  coagulum  is  of  a  white  colour;  it  is 
insoluble  in  water  and  in  alcohol.  Heat  softens,  but  does 
not  melt  it.  When  dried  it  becomes  transparent,  and 
breaks  with  a  glassy  fracture.    It  is  therefore  albumen.* 

When  brain  is  triturated  in  a  mortar  with  diluted  sul- Of  sulphu- 
phuric  acid,  part  is  dissolved ;  the  rest  may  be  separated,  "^  ^'^' 
by  filtration,  in  the  form  of  a  coagulum.  The  acid  liquor 
11  colourless.  By  evaporation,  the  liquid  becomes  black, 
sulphurous  acid  is  exhaled,  and  crystals  appear ;  and  when 
eraporated  to  dryness,  a  black  mass  remains  behind.  When 
this  mass  is  diluted  with  water,  a  quantity  of  charcoal  se- 
parates, and  the  water  remains  clear.  This  brain  is  com- 
pletdiy  decomposed,  a  quantity  of  ammonia  combines  with 
die  acid  and  forms  sulphate  of  ammonia,  while  charcoal  is 
precipitated.  The  water,  by  evaporation  and  treatment 
with  alcohol,  yields  sulphates  of  ammonia  and  lime,  phos- 
phoric acid,  and  phosphates  of  soda  and  ammonia.  Brain 
Aerefore  c<Hitains 

Phosphate  of  lime 
■         —  soda 
■  ammonia. 

Traces  also  of  sulphate  of  lime  can  be  discovered  in  it. 
The  quantity  of  tliese  salts  is  very  small ;  altogether  they 
ilo  not  amount  to  ^^th  partf 

IXInted  nitric  acid,  when  triturated  with  brain,  likewise  or  nitric 
Ihaolfet  a  part^  and  coagulates  the  rest.    The  solution  is  *^'^» 
iransparent.    When  evaporated  till  the  acid  becomes  con- 
iwilrBtsJ,  carbonic  acid  gas  and  nitrous   gas  arc  discn- 
pged ;  an  effervescence  takes  place,  white  fumes  appear, 

*  Ann.  do  Cbim.  zvi.  p.  S88.  f  Ibid. 
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Book  V*    gQ  fqfiyppyp   QBlplltitV  of  l"HP^«^  SB  diUteMMtedy   B  blljDcT 

^  '^   cbarooil  reinims  iffiwd  ;iri4|L  .b  fDonffdei^4i^  qi^ntjly  of  oxr. 
flicBcid.*  • 

Wh^Q  hxw  J8  gndaally  efappr^ted  to  (^bryiiMI  by  tbB 
heat  of  a  water  hat|i,  b  ponion  .pf  tniu|iareQt  Uqiud  ^epa- 
fBtey  at  ficft  Qpom  the  rest,  and  die  reaidunniy  wjbea  ncfuiy 
4v7>  Boquirea  B  iHTowa  coloar;  itp  weight  amoMPla  to  ahpat 
ooe-ibuith  of  the  freth  hrBiiu  |t  m^y  atill  be  fiinoed  into 
an  emulaum  wit)!^  waJte^r^  bat  very  toon  iflparatei  agam 
qxmtanewdy* 
Of  alcohol*  When  alimbql  19  i)Bpeatadly  bojkd  pppo^  ^  4fi(^  ^^ 
duam  till  ^  joeMTi  tp  hfve  any  ffum  apdofb  it  diypliM 
about  &yetfa^jsA^  of  4ie  irhole.  Whoi  (hif  akphpj  pQqlb 
HdeppfUp  a  yeQoivJdi  wbite  sabftance^  oqmpo^ed  of  bril- 
liant plates.  Whep  loaea^ed  l)ogel)ier  by  4^  A^wonb  it 
awuniPt  the  appearance  rf  a  ductile  pjrte;  a^  thp  taniparaF 
tnre  of  boiling  water  it  beconies  aoJA^  and  whjcn  fh^  beat 
is  increased  it  falacVcn%  exhale^  eynpjrepip&atic  affd  aauno^ 
luacal  fumes,  and  leases  bebipd  itBchanj  matterrt  When 
the  alcohol  is  eraporatedt  it  ^iqmitp  a  yeUowiyh  faJack 
matter,  which  reddens  pap^  ti^gqiinl^  (Bim44  u4  »#: 
dily  difiuses  itself  through  water4 
Of  polish.  Pure  concentrated  potash  dissolves  brain^  disenga^png  a 
great  quantity  of  ammonia. 

The  result  of  an  elaborate  analysis  of  brain  by  Vauqudin 
gave  him  the  following  constituents : 

Conttita.                    Water •  80*00 

•■"•                         White  fetty  matter 4'5S 

Reddish  feiXXy  matter 0*70 

Albumen  .••.•••• 7*00 

Osmazome 1*12 

Phosphorus 1  '50 

Acids,  salts,  and  sulphur 5'15 

100-00 

From  the  experiments  of  Vauquelin  we  learn  that  the  me* 
duUa  oblongata  and  the  nerves  are  composed  of  the  sasoa 
materials  as  the  brain. 

Vauquelln's  analysis  of  the  brain  though  fiur  more  cone 


•  Ann.  do  Chim.  xvL  307.         t  Ibid.  313. 


J  Ibid.  317. 
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pleie  and  ttidsfiictory  than  that  of  any  of  his  predecessors,  Chap.  ii. 
throws  no  light  upon  the  way  in  which  the  constituents  are  ^^^        ' 
combined  or  on  what  it  is  that  gives  to  the  brain  its  very 
peculiar  appearance. 


SECT.  VII. 

OF    NARROW. 

The  hollows  of  the  long  bones  are,  in  living  animals^ 
filled  with  a  peculiar  species  of  fat  matter,  to  which  the 
name  of  marrow  has  beoi  given.  In  some  bones  this  matter 
is  a  good  deal  mixed  with  blood,  and  has  a  red  colour ;  In 
others,  as  the  thigh  bones,  it  is  purer,  aind  has  a  yellow  co- 
lour. Various  experiments  on  this  matter  were  made  by 
the  older  chemists,  showing  it  to  be  analogous  to  animal 
&ts,*  and  pointing  out  some  of  its  peculiarities.  Berzclius 
has  examined  it  in  detail,  and  published  the  results  of  his 
experiments.t  The  marrow  on  which  his  trials  were  made 
was  obtained  from  the  thigh  bone  of  an  ox. 

I.  When  marrow  is  digested  in  cold  water  it  becomes  Action  of 
lighter  coloured,  while  the  water  acquires  the  colour  which  <»W  ^"^^f 
H  would  have  received  had  it  been  digested  on  blood. 
When  this  water  is  boiled  it  bccomesxmuddy,  and  a  dark- 
brown  matter  precipitates.  This  matter  consists  of  coagu- 
lated albumen  mixed  with  some  phosphate  of  lime^  and 
phosphate  of  iron.  A  small  portion  of  a  yellow-coloured 
salt  is  dissolved  by  the  action  of  alcohol  or  water.  This 
matter  separated  from  marrow  by  water,  is  obviously  owing 
to  the  blood  with  which  it  was  mixed.  The  quantity  which 
Berzelius  obtained  from  marrow  amounted  to  -rHth  part  of 
the  whole,  llie  portion  of  it  dissolved  by  water  and  alco- 
hol consisted  partly  of  gelatin  and  common  salt,  and  pardy 
cf  the  peculiar  extractive  matter  obtained  by  Thouvenel 
inm  the  muscles  of  animals,  and  described  in  the  Third 
Section  of  this  Chapter.  The  proportion  of  these  sub- 
stances obtained  by  Berzelius  from  marrow  amounted  to 
about  Ti^th  part  of  the  whole.  .    , 

*  NeunuoiD's  Chemistrj,  p.  500. 
t  Gehlen't  Jour.  Second  Seriss,  ii.  S8T. 
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Book  V.  '  2.  When  marrow  is  boiled  in  water,  the  greatest  part  of 
^^'^s/"^  it  melts  and  swims  upon  the  surface  of  the  liquid.  The 
water.  water  is  at  first  muddy  and  milky,  but  beoomefr  transparent 
on  standing.  When  passed  through  the  filter  a  substance 
is  separated,  which  becomes  greyish-green,  and  semitrans- 
parent  when  dry.  More  of  this  matter  precipitates  when 
the  liquid  is  evaporated.  When  the  water  is  evaporated  to 
dryness,  a  substance  is  obtained  of  a  sharp  aromatic  taste 
like  the  marrow  of  roasted  meat.  These  two  substances 
consist  chiefly  of  extractive,  gelatin,  and  a  peculiar  sub- 
stance which  approaches  the  nature  of  albumen  in  its  pro- 
perties. 

5.  When  marrow,  thus  purified,  is  melted  in  water  and 
passed  through  a  cloth,  a  quantity  of  blood  vessels  and  skins 
remain  upon  the  doth,  amounting  to  about  ttv^  P<^  ^^ 
the  whole. 
Properties  4.  Marrow,  thus  fireed  firom  its  impurities,  has  a  white 
of  pure  colour  with  a  shade  of  blue ;  its  taste  is  insipid  and  rather 
sweetish.  It  softens  by  the  heat  of  the  band,  and  melts 
when  heated  to  113^.*  When  cooled  slowly  it  crystallizes 
in  sphericles  like  olive  oil.  It  bums  with  a  flame  like  tal- 
low. When  distilled  it  gives  first  a  transparent  fluid  yel- 
lowish-oil, accompanied  by  carbonic  acid  gas,  water,  and 
heavy  inflammable  air.  Afterwards  there  comes  over  a 
white  solid  oil,  accompanied  by  a  less  copious  evolution  of 
gaseous  bodies,  and  which  does  not  become  dark-coloured, 
as  happens  when  tallow  is  distilled.  This  had  already  been 
observed  by  Neumann.  This  solid  oil  has  a  disagreeable 
smell,  amounts  to  03  of  the  n)arrow  distilled,  reddens 
vegetable  blues,  and  when  boiled  in  water  gives  out  a  ix)r- 
tion  of  scbacic  acid,  which  Bcrzclius  considers  as  benzoic 
acid. 

The  empyreuma.tlc  oil  combines  readily  with  alkalies  and 
their  carbonates.  \Vith  the  latter  it  forms  a  snow-white 
soap,  insoluble  in  water,  though  it  increases  in  bulk  when 
placed  in  contact  with  that  liquid.  It  combines  also  witii 
the  earths,  and  forms  soaps,  likewise  insoluble  in  water. 

The  water  which  comes  over  during  the  distillation  of 
marrow  is  colourless,  has  a  fetid  and  sour  smell,  and  an 

•  Berzelius  says  at  45®.  This  is  llS®  Fahrenheit,  if  Celsius*  thermo- 
meter  be  meant,  as  is  probable.  If  it  be  Keaumur*8^  the  melting  point 
©f  marrow  is  133«>  Falircnbeit. 
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cmpyrenmatic  taste.  It  contains  a  little  acetic  Acid,  empy-  Chip.n. 
reumatic  oil,  and  probably  benzoic  acid ;  but  exhibits  no  ^""^^V"^ 
tiBces  of  ammonia. 

The  gaseous  products  amount  to  -j^th  of  the  marrow  dis- 
tilled. They  contain  no  sulphur  nor  phosphorus,  and  con- 
ust  of  carbonic  acid  and  heavy  inflammable  air,  which 
bums  with  a  white  flame,  and  seems  to  contain  oil  in  solu- 
tion. 

The  charry  matter  in  the  retort  amounts  to  0*05  of  the 
marrow  distilled.  It  is  dark-brown,  heavy  and  brilliant 
It  is  incinerated  with  difiiculty,  and  leaves  an  ash  consisting 
of  phosphate  of  lime,  carbonate  of  lime^  and  some  soda. 

5.  Concentrated  sulphuric  acid  dissolves  marrow  without  Action  of 
the  assistance  of  heat.    The  solution  has  the  appearance  of  *^'^ 

a  brown  syrup ;  and  when  the  acid  is  diluted  with  water 
the  marrow  separates  unaltered.  When  heat  is  applied, 
the  acid  decomposes  the  marrow  and  forms  a  resinous  coal. 
Diluted  nitric  acid  digested  on  marrow,  in  a  moderate 
heat,  renders  it  ydlow,  and  gives  it  more  consistency  and 
the  smell  of  old  bones.  0>ncentrated  nitric  acid  dissolves 
marrow  without  the  assistance  of  heat,  and  the  marrow  is 
not  precipitated  by  the  addition  of  water. 

6.  Marrow  combines  with  alkalies  and  forms  soap.  Boil- 
ing alcohol  and  ether  dissolve  a  small  portion  of  it,  which 
precipitates  again  as  the  solution  cools. 

Marrow,  from  the  thigh  bone  of  an  ox,  was  found  by  Constitu- 
Berzelius  to  be  composed  of  the  following  substances :  ^^ 

Piure  marrow 0*96 

Skins  and  blood  vessels  . . .  0*01 
Albumen 


Gelatin 
Extractive 
Peculiar  matter 
Water 


0-03 


100 


From  the  preceding  detail  it  appears,  that  pure  marrow 
is  a  species  of  fixed  oil,  possessing  peculiar  properties,  and 
qiproaching  somei%hat  to  butter  in  its  nature.  But  it  diC- 
fisrs  considerably  in  its  appearance  in  difierent  parts  of  the 
body,  owing  chiefly,  in  all  probability,  to  a  greater  or 
smaJler  mixture  of  blood. 
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SECT.  VUtL 


OF  HAIH  AND  FEATHERS. 

These  substances  co?er  different  pntM  of  animalsf  and 
obviously  intended  by  Nature  to  prated  ibem  from  ibe 
cold.  For  this,  their  softness  and  plisbility»  and  the  sJoir- 
ness  with  which  they  conduct  heat,  render  them  peculiarly 
proper. 

Virietics.  1.  Hair  is  usually  distinguished  into  various  kinds,  ac^ 
eording  to  its  sise  and  appearance.  The  strongest  and 
stiffest  of  all  is  called  bristle:  of  this  MaA  is' the  hair  on  tli6 
backs  of  hogs.  When  remarkably  fine^  soft,  tsid  pliaUe, 
it  is  called  wool ;  and  the  finest  of  all  is  known  by  the  namcj 
of  down.  But  all  these  varieties  resemble  one  iinollier  very 
closely  in  their  composition. 

Properties.  Hair  ^)pears  to  be  a  kind  of  tube  covered  with  a  cutide^ 
Its  surfiu>s  is  not  smooth,  but  either  covered  with  scales  or 
consisting  of  imbricated  cones.  Heviee  the  roughness  of 
its  fieel,  and  the  disposition  which  it  has  to  entangle  itself^ 
which  has  given  origpm  to  the  processes  offdting  bHA  futU 
ing.  It  is  constantly  increasing  in  length,  beiiig  proUnded 
from  the  roots,  and  seems  at  first  to  be  soft  or  nesriy  gela* 
llnous.  From  the  experiments  which  have  been  made  oii 
hair  by  Achard  and  Hatchett,  it  follows  that  it  containa 
gelatin,  to  which  it  owes  its  suppleness  and  toughness. 
This  substance  may  be  separated  b^  boiling  the  hair  in 
water.  When  thus  treated  it  becomes  much  more  brittle 
than  before.  Indeed,  if  the  process  be  continued  long 
enough,  the  hair  crumbles  to  pieces  between  the  fingers. 
The  por^on  insoluble  in  water  possesses  the  properties  of 
coagulated  albumen. 

Mr.  Hatchett  has  concluded  from  his  experiments,  that 
the  hair  which  loses  its  curl  in  moist  weather,  and  which  is 
the  softest  and  most  flexible,  is  that  which  yields  its  gda« 
tin  most  easily ;  whereas  strong  and  elastic  hair  yields  it 
with  the  greatest  difficulty,  and  in  the  smallest  proportion. 
This  conclusion  has  been  confirmed  by  a  very  eoHmAen^ 
ble  hair-merchant  ki  London^  who  assured  him  tiMit  thc^ 
first  kind  of  hair  was  much  more  injured  by  boiling  thas 
the  second. 

Anslyilt;       Vauquelii^  has  published  a  curious  set  of  experinieiifs  tm 


the  analjris  of  litixhsn  hair  of  Tarioos  colonrt.  Though  diap.  n« 
hair  is  insoluble  in  boiling  iriter,  he  obtained  a  sbldtlon  by  ^'  v^"  ' 
raising  the  temperatore  of  the  liquid  In  a  Papin's  digester. 
If  the  heiat  thus  producid  i^as  iob  gteatj  the  hair  wai  de^ 
eomposed,  ahd  ammonia,  carbonic  acid,  and  an  empyreu- 
mntit  oil  formed.  Snlphur^t^  hydrogen  is  always  evohed^ 
Md  Hb  quantity  increases  with  the  heat  When  hair  is 
thai  dissolved  in  water  heated  above  the  boiling  point,  ib4 
sblation  contains  a  kind  of  bituminous  oil,  which  is  depo^ 
sited  very  slowly,  lliis  oil  was  black  wheh  the  hair  dis-^ 
solved  was  black,  but  yellowish-red  when  red  hair  vhtd 
toiployed. 

WBc^  the  solution  is  filtered  to  get  fid  of  this  oil,  the 
liquid  which  passes  through  is  nearly  colourless.  Copidus 
precipitates  are  formed  in  it  by  the  infusion  of  nutgalb  and 
chlorine.  ISilver  is  blackened  by  ity  and  acetate  of  lead  pre- 
cipitated brown.  Acids  render  it  turbid,  but  the  precipitate 
is  redissolved  by  adding  these  liquids  in  excess.  Though 
very  much  concentrated  by  evaporatioBy  it  does  not  concrete 
into  a  jelly. 

Water  containing  only  four  per  cent,  of  potash  dissolves 
hair,  while  hydrosulphuret  of  ammonia  is  evolved.  If  the 
hair  be  black,  a  thick  dark-coloured  oil,  with  some  sulphur 
and  iron,  remains  undissolved ;  if  the  hair  be  red  there 
remains  a  yellow  oil,  with  some  sulphur  and  an  atom  or 
two  of  iron.  When  acids  are  dropped  into  this  solution^ 
they  throw  down  a  white  matter  soluble  in  an  excess  crif 
acid. 

Sulphuric  and  muriatic  acids  became  red  when  first 
poured  on  hair,  and  gradually  dissolve  it.  Nitric  acid 
tnjms  hair  yellow  and  dissolves  it,  while  an  oil  separates, 
which  is  red  or  black  according  to  the  colour  of  the  hair 
dissolved.  The  solution  yields  a  great  deal  of  oxalic  acid^ 
and  contains,  besides,  bitter  principle,  iron,  and  sulphuric 
acid.  Chlorine  first  whitens  hair,  and  then  reduces  it  to  a 
piibstance  of  the  consistence  of  turpentine^  and  partly  solu* 
Ue  in  alcohol. 

When  alcohol  is  digested  on  black  hair,  it  extracts  from  Colourin| 
it  two  kinds  of  oil.     The  first,  which  is  whiter  subsides  in  in*tter. 
white  shining  scales  as  the  liquor  cools;  the  second  ^  ob- 
^ined  by  evaporating  the  alcohol.    It  has  a  greyish-green 
pdouTi  and  at  last  becomes  solid^    From  red  h«ir  alcohol 
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Book  V.    likewise  separates  two  oils :  the  first  white  as  fix>m  black 
^''"V"^  hair,  and  the  other  as  red  as  blood.     When  the  red  hair 
is  deprived  of  this  oil,  it  becomes  of  a  chesnut  colour. 
Hence  its  red  colour  is  obviously  owing  to  the  red  oil. 

When  hair  is  incinerated,  it  yields  iron  and  manganeK, 
phosphate,  sulphate,  and  carbonate  of  lime,  muriate  of  soda, 
and  a  considerable  portion  of  silica.  The  ashes  of  red  hair 
contain  less  iron  and  manganese :  those  of  white  hair  still 
less ;  but  in  them  we  find  magnesia,  which  is  wanting  in  the 
other  varieties  of  hair.  The  ashes  of  hair  do  not  exceed 
0*015  of  the  hair. 

From  the  preceding  experiments  of  Vauquelin,  we  learn 
that  black  hair  is  composed  of  the  nine  following  sob- 
stances: 

Coiudtii-  1*  An  animal  matter  constituting  the  greatest  part. 

^^  2.  A  white  solid  oil,  small  in  quantity. 

3.  A  greyish-green  oil,  more  abundant 

4.  Iron ;  state  unknown. 

5.  Oxide  of  manganese. 

6.  Phosphate  of  lime. 

7.  Carbonate  of  lim^  veiy  scanty. 

8.  Silica. 

9.  Sulphur. 

The  colouring  matter  of  hair  appears  from  Vauquelin's 
experiments  to  be  an  oil.  The  oil  is  blackish-green  in 
black  hair,  red  in  red  hair,  and  white  in  white  hair.  Vau- 
quelin supposes  that  sulphnreted  iron  contributes  to  the 
colour  of  dark  hair ;  and  ascribes  to  the  presence  of  an 
excess  of  sulphur  the  property  which  white  and  red  hair 
have  of  becoming  black  with  the  oxides  of  the  white  melals. 
The  sudden  change  of  colour  in  hair  from  griefj  he  thinks, 
is  owing  to  the  evolution  of  an  acid.* 

Vauquelin  considers  the  animal  matter  of  which  hair  is 
chiefly  composed  as  a  variety  of  inspissated  mucus;  bat 
some  of  its  properties,  especially  its  copious  precipitation  by 
tannin,  do  not  well  agree  with  that  supposition.  It  seems  to 
approach  more  closely  to  coagulated  albumen,  as  Hatchett 
has  shown. 
Wool.  Wool  has  not  yet  been  subjected  to  a  rigid  examination; 

but  firom  the  experiments  made  on  it  by  BerthoUet,  there 

*  Nicholsou's  Jour.  xr.  141^ 
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is  reason  to  concluded  that  its  chemical  qualities  do  not  dif-  Chip.  ii. 
fer  much  from  those  of  hair.  When  growing  upon  the  ^— v~^ 
sheep  it  is  enveloped  in  a  kind  of  soapy  matter,  which  pro- 
tects it  from  the  attack  of  insects,  and  which  is  after- 
wards removed  by  scouring.  Vauquelin  has  examined  this 
matter,  and  found  it  to  consist  of  the  following  ingredients: 
1.  A  soap  of  potash;  2.  Carbonate  of  potash;  3.  A. little 
acetate  of  potash ;  4.  Lime ;  5.  A  very  little  muriate  of 
potash;  and,  6.  An  animal  matter.* 

2.  Featliers  seem  to  possess  very  nearly  the  same  proper-  Fcathen. 
ties  with  hair.     Mr.  Hatchett  has  ascertained  that  the  quill 
is  composed  chiefly  of  coagulated  albumen.    Though  fea- 
thers were  boiled  for  a  long  time  in  water,  Mr.  HatcheCt 
could  observe  no  traces  of  gelatin. 


SECT.  IX. 

OF  SILK. 


Silk  is  the  production  of  different  species  of  caterpillars.  Oris'm. 
The  plialena  hombyx  is  most  commonly  propagated  for  that 
purpose  in  Europe ;  but  the  phalena  atlas  yields  a  greater 
quantity.  A  similar  substance  indeed  is  yielded  by  the 
greater  number  of  the  tribe  of  caterpillars.  It  is  found  in- 
closed in  two  small  bags,  from  wtiich  it  it  is  protruded  in 
fine  threads  to  serve  the  insect  for  a  covering  during  its 
chrysalis  state.  The  webs  of  spiders  are  obviously  of  the  Spiders' 
same  nature  with  silk ;  though  their  fibres,  at  least  in  this  ^^^ 
country,  are  finer  and  weaker.  Reaumur  and  other  natu- 
ralists ascertained,  that  the  lai^r  q^ecies  of  spiders  spun 
cocoons  sufficiently  strong  to  be  manufactured,  and  that 
the  produce  was  neither  inferior  in  beauty  nor  in  strength 
to  the  silk  of  the  silk- worm.  Attempts  were  made  in  con- 
sequence to  establish  a  manufactory  of  this  new  kind  of  silk; 
but  it  was  soon  found  that  the  spiders  could  not  be  made  to 
work  in  concert  They  attacked  and  devoured  each  other 
without  mercy,  till  the  whole  colony  was  exterminated  to  a 
single  individual. 

The  silkworm  is  a  native  of  China,  and  feeds  on  the  Histoij. 

*  Add.  dc  Cliim.  xlvii.  9Gf . 
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BoQki^.  lekM  of  di^  white  imilB^fhjr*  That  iiidintriMi  natioii  wii 
^^'"v"*^  acquainted  with  the  ihattufiictiire  <X  tilk  fimn  ihe  most  re- 
mote liges ;  btit  it  #as  scarcely  known  in  Enrope  before  the 
time  of  Augosttis.  tts  beSBrdt^  attracted  flie  attention  of  the 
luxurious  Romans ;  atid  fltfter  the  efibninate  re%n  of  Ela- 
gabulus,  it  became  a  comtiion  article  of  dress.  It  was 
brought  from  China  itt  an  enormous  expenoe,  mannftctnred 
again  by  the  Phenicians,  and  sold  at  Rome  fer  its  weight  of 
gold.  In  the  reign  of  Justinian  this  commerce  was  inter- 
rupted by  the  conquests  of  the  Scythian  tribesi  and  aU  at- 
tempts to  procure  it  fiiiled»  till  two  Persian  monks  had  the 
address  to  convey  some  of  the  eggs  of  the  insect  from  China 
to  Constantinople,  concealed  hi  the  hollow  of  a  cane.  They 
were  hatched  and  the  breed  carefully  propagated.  This 
happened  in  555 ;  and  some  years  afber  we  find  that  the 
Greeks  understood  the  art  Of  procuring  and  manufacturing 
silk  as  well  as  the  Orientals.  Roger,  king  of  Sicily,  brought 
the  manufacture  to  that  islahd  in  1  ISO,  forcibly  carrying  off 
the  weavers  from  Greece,  and  settling  them  in  Sicily.  From 
that  island  the  art  passed  into  Italy,  and  thence  into  France : 
and  the  revocation  of  the  edict  of  Nantz  established  the 
manufiictory  of  silk  in  Britain. 

Silk,  as  spun  by  the  animal,  is  in  the  state  of  fine  threads^ 
varying  in  colour  from  white  to  reddish-yellow.  It  is  very 
elastic,  and  has  considerable  strength,  if  we  consider  its 
small  diameter.  It  is  covered  witli  a  varnish,  to  which  its 
Vamifb.  elasticity  is  owing.  Tliis  varnish  is  soluble  in  boiling  water; 
but  alcohol  does  not  act  upon  it.  Hence  it  has  been  com- 
pared to  a  gum,  though  it  approaches  much  nearer  to  gela- 
tin ;  since  BerthoUet  has  shown  that  it  is  precipitated  by 
tannin  and  by  muriate  of  tin.  It  differs,  however,  from 
gelatin  in  several  particulars.  Alum  throws  it  down  of  a 
dirty  white,  sulphate  of  copper  of  a  dark  brown,  and  sul- 
phate of  iron  of  a  brown  colour.*  When  the  water  is  eva- 
porated, the  varnish  is  obtained  of  a  black  colour,  brittle, 
and  of  a  shining  frapture.  Its  weight  is  nearly  one-third  of 
the  raw  silk  from  which  it  was  extracted.  It  may  be  sepa- 
rated from  silk  by  soap  as  well  as  water,  and  the  soap  leys 
containing  it  soon  putrify.f  Roard  has  published  a  set  of 
experiments  on  this  matter.    It  amounts  to  23  per  cent*  of 

•  Bertbolkt,  t  Ibid, 
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the  ftilL  It  is  brittle  and  hard  like  reuiu; ;  "when  pounded  Chip.  u. 
its  colour  is  reddish-yellow.  It  has  the  taste  and  odour  of  '^— v^^ 
extractive.  It  does  not  melt  when  heated.  It  dissplvet  in 
fiye  times  its  weight  of  water.  The  solution  has  a  browi^ 
colour,  bat  when  diluted  widi  water  becomes  golden-yellow. 
When  exposed  to  the  air  in  that  state  it  becomes  greenisb» 
is  decomposed,  and  exhales  the  odour  of  putrid  animal 
matter.  The  liquid  froths  like  soap  leys.  Sulphuric  and 
muriatic  acids  deepen  its  colour;  nitric  acid  converts  it  into 
a  fine  yellow ;  sulphurous  acid  brightens  the  colour,  and 
makes  it  greenish-yellow.  Alcohol  scarcely  acts  upon  it. 
Chlorine  throws  down  a  ccq>ious  whil^  precipitate,  which 
becomes  reddish  in  the  air,  is  no  longpr  sc^ublie  in  water, 
but  is  very  soluble  in  alcohol.  Alkalies  produce  no  effect 
upon  this  substance.  Infusion  of  nutgalls  occasions  a  co- 
pious precipitate.*  Hiese  properties  show  us  that  this  sub- 
stance is  of  a  peculiar  nature. 

Besides  the  varnish,  silk  contains  another  substance^  to  Retiii. 
yrhich  it  owes  its  yellow  colour.  This  substance  possesses 
the  properties  of  resin.  It  is  yellow,  soluble  in  alcohol  vM 
ia  a  mixture  of  alcohol  and  muriatic  acid.  Baurn^  haa 
ascertained,  that  by  this  last  mixture  it  may  be  separated 
^mpletely,  and  the  silk  deprived  of  it  assi  oics  a  fine  white 
oolour.f  This  matter  melts  at  86^  Its  colour  is  reddish- 
brown  when  in  lumps,  but  greenish-yellow  when  divided. 
It  has  a  strong  smell,  owing  to  a  volatile  oil  which  it  con- 
tains. When  exposed  to  the  light  it  becomes  white.  It  is 
insi^uble  in  water  but  very  soluble  in  alcohol,  in  the  alka* 
line  solutions  and  in  soap.  % 

Hoard  has  shown  that  raw  silk  contains  also  a  portion  of 
wax,  which  is  dissolved  by  boiling  alcohol,  and  by  alkaline 
or  soi^y  solutions.  It  is  white  and  precipitates  as  the  alco« 
hoi  cools.  Silk  contains  about  riz^  ^^  ^^  weight  of  wax, 
while  the  resinous  colouring  matter  amounts  to  about  -J^th 
of  its  wci^t  § 

ThfB  properties  of  silk  itself  have  been  but  imper&ctly  propmicfl 
examined.    It  is  not  acted  on  by  water  or  alcohol,  has  no  ^^  ''^ 
taste,  and  is  but  imperfectly  combustible;  though  fire  ra- 
pidly bladcens  and  decomposes  it.  When  distilled,  it  yields^ 

•  Ann.  d«  Chim.  Ixv.  59.  f  Ibid.  iTii.  IM. 

t  Reud,  ilnd.  Uv.  61.  S  Ibid. 
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Book  V.^  ftocording  to  Neumann,  an  uncommonly  gteat  proportion 
of  ammonia. 

The  fixed  alkalies  dissolve  it  by  the  assistance  of  heat; 
and  it  is  not  unlikely  that  tliey  form  with  it  an  animal  soap. 

It  is  dissolved  likewise  by  sulphuric  and  muriatic  acids, 
and  by  nitric  acid.  By  the  action  of  this  last  acid,  Ber- 
thollet  obtained  fit>m  silk  some  oxalic  acid,  and  a  fatty  mat- 
ter  which  swam  on  the  sur&ce  of  the  solution.  By  a  simi- 
lar treatment,  Welter  obtained  fine  yellow  crystals,  very 
combustible,  to  which  he  gave  the  name  of  yellow  brittle 
prindple. 

Silk  is  very  little  susceptible  of  putrifiicUtti.  Dr.  Wilson 
of  Falkirk  Informs  us,  that  a  ribbon  was  found  in  the  church- 
yard of  that  town  wrapped  round  the  bone  of  the  arm.  It 
was  uninjured  though  it  had  lain  eight  years  in  the  earth.* 
We  know,  at  the  same  time,  that  when  ailk  is  kept  in  a 
damp  place  it  rots  (to  use  the  common  language)  in  a  much 
shorter  period. 
f^^*  Cadet  has  published  a  chemical  analysis  of  qiiders'  webfl^ 

the  result  of  which,  as  these  substances  have  a  conaidefBble 
analogy  to  silk,  both  in  their  properties  and  mode  of  being 
produced,  may  be  mentioned  here.  He  obtuned  from 
spiders'  webs,  by  treating  them  with  water  and  alcohol,  and 
incineration,  the  following  substances :  1.  A  brown  extract 
soluble  in  water,  and  not  altered  by  exposure  to  the  air; 
S?.  A  resinous  matter  soluble  in  alcohol,  and  very  deliques* 
cent;  S.  Alumina;  4.  Sulphate  of  lime;  5.  Carbonate  of 
soda;  6.  Muriate  of  soda;  7.  Carbonate  of  lime;  8.  Iron; 
0.  Silica.t  He  supposes,  however,  that  some  of  the  fixed 
matters  obtained  may  have  originated  fix>m  accidental  im- 
purities mixed  with  the  webs  examined. 


Having  given  the  preceding  account  of  the  solids  whidi 
compose  animal  bodies,  I  proceed  next  to  the  chyle  and  the 
fluid  which  circulates  through  living  bodies,  namely  bkod; 
and  to  the  various  secretions  formed  from  the  blood,  either 
in  order  to  answer  some  important  purpose  to  the  animal, 
or  to  be  evacuated  as  useless,  that  the  blood  thus  purified 

♦  Nichohoft'f  Jour.  ii.  «2S.  +  Ibid.  id.  W4. 
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may  be  more  proper  for  answering  the  ends  for  which  it  is  chip.  li. 
destined.    Many  of  these  substances  have  been  examined 
with  more  care  by  chemits  dian  the  animal  solids. 


SECT.  X. 

OF  CHYLE. 


The  name  cliyU  is  given  to  a  liquid  matter  formed  dur<> 
ing  the  passage  of  the  food  along  the  intestinal  canal.  It 
is  taken  up  by  a  set  of  vessels  called  lacteals^  carried  to  the 
thoracic  duct,  from  which  it  passes  into  the  blood  vessels  and 
is  converted  into  blood.  It  was  occasional! v  examined  and 
described  by  the  physiologists  and  anatomists  during  the 
course  of  the  last  century.  But  it  is  only  a  few  years  since  History, 
we  became  acquainted  with  its  chemical  properties.  A  set 
of  experiments  on  the  chyle  of  the  horse  was  published  by 
M,  Emmert  in  1811.*  Vauquelin  examined  the  chyle  of 
difiS;rent  horses  in  1812,f  and  during  the  course  of  the  same 
year  a  set  of  experiments  on  chyle  was  published  by  Mr. 
Brande^:]:  And  in  1815,  a  comparative  examination  was 
made  by  Dr.  Marcet,  of  the  chyle  of  animals  that  live  on 
vegetable,  and  that  of  those  that  live  on  animal  food.  § 

Chyle  when  drawn  from  the  thoracic  duct,  about  five  Chancten. 
hours  after  the  animal  has  taken  food  is  an  opaque  liquid  of 
a  white  colour ;  without  smell,  and  having  a  slightly  add 
taste,  accompanied  by  a  perceptible  sweetness.  It  restores 
the  blue  colour  of  litmus  paper,  reddened  by  acetic  acid,  in- 
dicating the  presence  of  an  alkalu  About  ten  minutes  after 
it  is  drawn  from  the  animal  it  coagulates  into  a  stiff  jelly, 
which  in  the  course  of  24  hours  gradually  separates  into  two 
parts,  producing  a  firm  contracted  coagulum  surrounded 
by  a  colourless  fluid. 

1.  TI»e  coagulum,  as  appears  from  the  experiments  of  Coagulunu 
Vauquelin,  is  an  intermediate  substance,  between  albumen 
and  fibrin.     He  considers  it  as  albumen  on  its  way  to  as- 
sume the  nature  of  fibrin.     It  is  not  so  stiff,  nor  of  so 
fibrous  a  texture  as  fibrin;  it  is  more  easily  acted  on  and 

•  Ann.  de  Chiin.  Ixxx.  81.  t  Ibid.  hxxi.  US. 

X  Pbil.  Traiu.  1819,  p.  91.  §  Annals  of  Philosophy,  vii.  934. 
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9ooh  V-   ^iw^ved  by  eauitic  alkalis    Ip  potash  and  soda  it  fenns 
^"""^^^""^  f  ]^p>wn  solution  vfaila  f^  little  'ammooia  ia  eroivecL   'lu 
solution  in  aaunonia  has  ja  reddish  l^ue* 

It  is  insoluble  in  alcohol  and  ether ;  but  readily  dissolved 
by  diluted  sulphuric  acid.  Very  dilute  nitric  acid  gra- 
dually converts  it  into  adepocire ;  when  the  acid  is  more 
concentrated,  the  coagulum  assumes  the  appearance  of 
gelatin ;  and  when  heat  is  applied  oxalic  acid  and  carbonic 
acid  are  formed.  Muriatic  add  does  not  dissolve  it  when 
In  a  concentrated  state,  but  it  dissolves  it  readily  when 
diluted  with  water.  Acetic  and  oxalip  acids  dissolve  a 
small  portion  of  it  when  bpiled  on  it. 

When  burnt  it  leaves  a  charcoal,  which  is  with  difficulty 
incii^crated,  and  which  contains  common  salt,  phosphate 
of  limc^  and  gives  traces  of  iron. 
Lkiuid  pqr-     ^  The  liquid  portion  of  chyle  is  coagulated  by  heat, 
^on.  idcohol,  and  acids,  and  the  coagulated  portion  that  fidls  pos- 

sesses the  properties  of  albumen.  When  hot  alcohol  is 
f^mployed  to  produce  the  coagulation,  it  dissolves  a  little 
matter  whidi  is  deposited  in  white  flocks  as  the  alcohol 
cools.  Vauquelln  found  tills  matter  similar  to  the  &tty 
substance  whidi  he  extracted  from  brain. 
Sopr.  3.  Mr.  Brandc^  after  separating  the  alKnmim  by  hea(^ 

evaporated  the  liquid  portion  to  one  hal^  at  a  temperature 
not  exceeding  200^.  On  cooling,  small  crystals  separated 
which  he  considered  aa  of  the  same  nature  as  sugar  of  milL 
They  had  the  shape  of  obliqiie  six-sided  prisms,  were  sta- 
ble in  four  times  their  weight  of  boiling  water,  and  in  IS 
times  their  weight  of  cold  water.  They  are  insoluble  in 
cold  alcohol,  but  sp^ingly  soluble  in  that  liquid  at  the 
boiling  temperature. 

4.  Dr.  Marcet  found  the  same  salts  in  chyle,  and  in  the 
same  proportion  as  in  other  animal  fluids. 

5.  The  chyle  differs  so  much  at  dilFercnt  times,  that  lit- 
tle confidence  can  be  put  in  the  distinctions  pointed  out  by 
Dr.  Murcet  between  the  chyle  of  herbivorous  and  carni- 
vorous animals.  He  found  the  chyle  of  the  former  much 
less  white,  it  contained  less  solid  matter,  and  yielded  less 
albumen. 
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SECT.  XI.  Chap^ 

OF  BLOOD. 

Blood  is  a  well-known  fluid  which  circulates  in  the  veins  Properties 
and  arteries  of  the  more  perfect  animals.     It  is  of  a  red  ®^  ^*"^' 
colour,  has  a  considerable  degree  of  consistency,  and  an 
unctuous  feel,  as  if  it  contained  a  quantity  of  soap.  Its  taste 
18  slighly  saline,  and  it  has  a  peculiar  smell. 

The  specific  gravity  of  human  blood  is,  at  a  medium, 
1'0527.*  Mr.  Fourcroy  found  the  specific  gravity  of  bul- 
Idck's  blood,  at  the  temperature  of  60^  to  be  l'056.f  Tlie 
blood  does  not  uniformly  retain  the  same  consistence  in 
the  same  animal,  and  its  consistence  in  different  animals  is 
very  various.  It  is  easy  to  see  that  its  specific  gravity  must 
be  equally  various. 

No  substance  has  attracted  a  greater  degree  of  attention 
than  the  blood.  The  number  of  philosophers  who  have 
devoted  their  time  to  develope  its  nature,  and  ascertain  its 
properties,  is  immense.  It  was  not,  however,  till  towards 
the  middle  of  the  eighteenth  century  that  much  progress 
was  made  in  its  chemical  analysis,  j:  The  prussic  acid 
fi>rmed  during  its  decomposition  had  been  observed ;  Hales 
bad  measured  the  gases  exhaled  during  its  distillation; 
Menghini  had  demonstrated  the  presence  of  iron  in  it ; 
and  several  curious  observations  had  been  made  u{X)n  its 
coagulation.  But  Kouellc  junior  was  the  first  chemist  who 
published  a  tolerably  precise  analysis  of  it.  Since  that 
time  much  additional  information  has  been  acquired  by 
the  experiments  of  Bucquet,  Fourcroy,  Deyeux,  Parmen- 
tier,  Brande,  Berzelius,  &c. 

When  blood,  aflcr  being  drawn  from  an  animal,  is  al-  Spontane- 
lowed  to  remain  for  some  time  at  rest,  it  very  soon  coagu-  JJ^jljon*™' 
lates  into  a  solid  mass  of  the  consistence  of  curdled  milk. 
This  mass  gradually  separates  into  two  parts ;  one  of  which 
is  fluid,  and  is  called  serum;  the  other,  the  coagulum,  has 
been  called  cruor,  because  it  alone  retains  the  red  colour 

•  Bailer's  Physiology,  ii.  41.  f  Ann.  de  Chim.  vii.  ur. 

,  ^  A  very  full  account  of  every  thing  that  had  been  done  before  that 
time  may  be  fouod  in  the  second  volume  of  Iloller's  Physiology. 
VOL.  IV.  2k 
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Book  V.  which  distinguishes  blood.    This'Separaticm  is  Tiery.iim3tf 
^^""V*^  to  the  separation  of  curdled  milk  into  cords  and  whejr. 

The  proportion  between  the  cmor  and  senun  of  the 
blood  varies  much  in  diflerent  animals,  and  even  in  the 
same  animal  in  different  circumstances.  The  most  cominon 
proportion  is  about  one  part  of  cmor  to  three  parts  of  s^ 
rum ;  but  in  many  cases  tbe  cruor  exceeds  or  fiills  short  of 
this  quantity ;  the  limits  of  the  ratios  of  these  substances  to 
each  other  appear,  from  a  comparison  of  the  ccmclusions 
of  most  of  those  who  have  written  accurately  on  the  sub- 
ject, to  be  1 :  1  and  1:4;  but  the  first  case  most  be  very 
rare  indeed.* 

The  cause  of  this  spontaneous  decompodtioii  of  blood 
has  not  hitherto  been  ascertained.  The  coagulation  takes 
place  equally  in  close  Tessds  and  in  the  open  air^  whether 
the  blood  be  allowed  to  cool,  or  be  kept  at  the  temperature 
at  which  it  is  when  it  issues  from  the  animal ;  neither  is  the 
coagulation  prevented  by  diluting  it  with  water,  as  bss 
been  sufficiently  proved  by  the  experiments  of  Hewson, 
Hunter,  Deyeux,  and  Parmentier. 
lemm.  1.  The  scrum  is  of  a  light  greenish-yellow  colour;  it 

has  the  taste,  smell,  and  fed  of  the  blood,  but  its  consist- 
ence is  not  so  great.  Its  mean  spedfic  gravity  is  about 
l'0287.t  It  converts  syrup  of  violets  to  a  green,  and 
therefore  contains  an  alkali.  On  examination,  Bouelle 
found  tliat  it  owes  tliis  property  to  a  portion  of  soda,  X  ^nd 
this  has  been  fully  confirmed  by  Dr.  Marcct.$  When 
heated  to  the  temperature  of  156%  ||  the  cerum  coagulates^ 
as  Harvey  first  discovered.  **  It  coagulates  also  when  boil- 
ing water  is  mixed  with  it ;  but  if  serum  be  mixed  with  sz 
parts  of  cold  water,  it  does  not  coagulate  by  heat  ft 
When  thus  coagulated,  it  has  a  greyish-white  colour,  and 
is  not  unlike  the  boiled  white  of  an  egg.  XX  If  the  coagu- 
lum  be  cut  into  small  pieces,  a  muddy  fluid  may  be  squeezed 
firom  it,  which  has  been  termed  the  serosity.     After  the  se- 

•  Haller's  Physiolojgy,  ii.  47.  f  Jurin,  ibid.  p.  41.- 

X  Dr.  Pearson  considers  the  alkali  in  animal  fluids  as  potash,  and  ool 
soda. 

§  Nicholson's  Jour.  xxxi.  830;  xxxiii.  147.  ||  Culleo. 

••  De  Gener.  Anim.  p.  161.       ft  Fourcroj,  Ann,  de  Chim.  m  157, 

XI  Fourcroj,  Add.  de  Chiau  vii.  156. 
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puratioD  oif  tfaifl  JBui^  if  the  residuum  be  carefully  washed  Chip.  ii. 
in  boiling  water  and  examined,  it  will  be  found  to  possess  ^"^ 
all  the  properties  of  coagulated   albumen.     The  serum,  Containt 
therefore,  contains  a  considerable  proportion  of  albumen.  *^^^^- 
Hence  its  coagulation  by  heat,  and  the  other  phenomena 
which  albumen  usually  exhibits. 

The  only  other  constituents  in'  the  serum,  besides  water, 
are  soda,  lactate  of  soda,  muriate  of  soda,  muriate  of  pot* 
ash,  and  some  animal  matter,  the  nature  of  which  has  not 
been  precisely  determined.  The  following  table  exhibits 
the  constituents  of  1000  parts  of  the  serum  of  bullocks 
blood  according  to  the  analysis  of  Benelius : 

Water .- 905*00         Coortitti- 

Albumen 79-99         "^' 

Lactate  of  soda  and  extractive  matter  •  •  6*1 75 

Muriates  of  soda  and  potash 2*565 

Soda  and  animal  matter  soluble  only  m\  .  .^^ 

water    •  •  •*. • J 

Loss.... 4*75 

1000*000* 

The  serum  of  htunan  blood  he  found  composed  as  fol- 
lows: 

Water 905*0 

Albumen 60*0 

Muriates  of  potash  and  soda 6 

Lactate  of  soda  with  animal  matter 4 

Soda,  phosphate  of  soda  with  anhnal  matter. •  4*1 

Loss  0*9 

1000*0 1 
Dr.  Marcet  found  the  constituents  of  serum  as  follows : 

*  Djor  kemien,  ii.  46. ;  tnd  AimaU  of  Philosophy,  ii.  909. 
t  Annals  of  Fhilosophj,  ibid. 
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Bookv.                   Water...,. 90o-0      j. 

^— v*^                   Albumen *•...  se-S 

Muriates  of  potash  and  soda  6*6 

Muco-extractive  matter  . . . .  4 

Subcarbonate  of  soda 1*65 

Sulphate  of  potash 0*S5 

Earthy  phosphates 0*60 

lOOO-OO* 

The  muco-extractive  matter  was  doubtless  impure  lactate 
of  soda.  Berzelius  is  of  opinion  that  the  sulphate  of  pot^ 
ash  and  the  earthy  phosphates  which  were  found  by  Dr, 
Marcet  in  the  ashes  of  serum,  were  formed  during  the  in- 
cineration. For  phosphorus,  sulphur,  and  the  bases  of 
lime  and  magnesia  exist  according  to  him  as  constituents 
of  albumen. 

Gelatin  was  considered  as  a  constituent  of  the  serum  of 
blood,  in  consequence  of  the  observations  of  De  Haen. 
But  Dr.  Bostock  and  Professor  Berzelius  have  shown  that 
the  <^inion  of  its  existence  in  blood  is  not  well  founded. 
Cruorcon-  2.  The  cruor,  or  clot  as  it  is  sometimes  called,  is  of  a  red 
tains  nn.  ^^^^^  ^i^j  possesses  considerable  consistence.  Its  mean 
specific  gravity  is  about  l*245.t  If  ^bis  cruor  be  washed 
carefully  by  letting  a  small  jet  of  water  fall  upon  it  till  the 
water  runs  off  colourless,  it  is  partly  dissolved,  and  partly 
remains  upon  the  scarce.  Tlius  it  is  separated  into  two 
portions:  namely,  1.  A  white,  solid,  elastic  substance, 
which  has  all  the  properties  o^  fibrin  ;  2.  The  portion  held 
in  solution  by  the  water,  which  consists  of  the  colouring 
matter,  not  liowever  in  a  state  of  purity,  for  it  is  impossible 
to  separate  the  cruor  completely  from  the  serum. 

Berzelius  and  Brande  have  shown  that  this  clot  is  a  com- 
pound of  fibrin,  albumen,  and  colouring  matter  of  blood. 
According  to  the  analysis  of  Berzelius,  it  consists  of 

Constitu-  Colouring  matter    64? 

•*^*  Fibrin  and  albumen  ....     36 

100 

♦  Medlco-chirorgical  Transact,  ii.  370. 
f  Jurio,  Haller's  Physiology,  ii.  41. 
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When  the  colouring  matter  is  incinerated,  about  one-  Chip.n. 
third  of  a  per  cent,  of  oxide  of  iron  may  be  extracted  from 
its  ashes.  This  portion  of  iron  is  a  constituent  of  the  co« 
louring  matter,  and  perhaps  the  cause  of  its  red  colour. 
But  in  what  way  it  is  united  to  the  albuminous  portion 
of  the  colouring  matter  remains  unknown.  When  incine- 
rated the  colouring  matter  leaves  -Ji^di  of  its  weight  of 
ashesi  consisting  according  to  the  analysis  of  Berzelius,  of 
the  following  ingredients : 

Oxide  of  iron • 50*0 

Subphosphate  of  iron 7*5 

Phosphate  of  lime  with  traces  of  magnesia   ....  6*0 

Pure  lune 20*0 

Carbonic  acid  and  loss   16*5 


100^ 


Berzdius  is  of  opinion  that  none  of  these  bo<lies  existed 
in  the  colouring  matter;  but  merely  their  bases,  iron,  phos- 
phorus, calcium,  &c.  &c«  that  they  were  formed  during 
the  incineration. 

The  albumen  of  blood  leaves  the  same  quantity  of  ashes 
as  the  colouring  matter.  But  these  ashes  contain  no  traces 
of  iron. 

The  cause  of  the  change  of  colour  which  blood  under- 
goes when  exposed  to  oxygen  gas  or  common  air,  is  still 
inexplicable. 

M.  Vogel  has  shown  that  when  blood  is  placed  in  tho 
vacuum  of  an  air  pump,  a  considerable  quantity  of  car- 
bonic add  gas  separates  from  it.* 

Dr.  Gordon  has  rendered  i(  probable^  that  during  the 
coagulation  of  blood  a  little  heat  is  evolved.f 
.  It  would  be  of  great  consequence  to  compare  toother 
the  blood  of  difierent  animali,  and  of  the  some  animal  at 
££Perent  ages,  and  to  ascertain  in  what  particulars  they 
difier  from  each  other.  This  would  probably  tlirow  light 
on  some  of  the  obscurest  parts  of  the  animal  economy. 
Very  little  progress  has  hiwcfrto  been  made  in  these  rev- 
searches.  If  we  except,  the  labours  of  Rouelle,  who  ob- 
tained nearly  the  same  ingredients,  though  in  difierent  pro- 

.  •  .Aim.  de  .Cbiiii.  xdu.  71.  t  AdimIs  of  Pbikitbphy,  iv.  139.' 
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He  fiiDiMi  that  it  diSen  from  the  bkwd  of  the  adult  in 
tfafce  chiiig& :  1.  Its  ootouring  matter  b  darker,  and  seenn 
to  be  mcwe  abfrndant;  S.  It  rw^m%  no  fibrin,  but  pro^ 
bably  a  greater  pfoputiion  of  gelatin  than  blood  of  adnlts; 
3.  It  cootains  no  piMMphoric  add.* 

The  ezaminatka  of  diwfd  Uood,  too^  would  be  of 
great  ooMeqaeoee;  becaaK  the  difiraioe  of  its  propertiet 
from  the  blood  of  peapie  ia  heddi  B^ht  throw  much  light 
on  the  nature  of  die  JFirire 

Dejeoz  t2ii  PiiuiaiJg:,  to  vhom  we  are  inddited  fiir 
an  exceilent  MJjiym  of  faloodt  examined  diat  liquid  drawn 
from  patienti  iabooring  nnder  diffiscnt  diseases;  but  the 
resolt  of  their  examinatioa  was  not  so  ntis&ctoiy  as  migfat 
have  been  expected. 

1.  It  has  been  long  known,  that  fabxd  drawn  from  a 
person  labouring  under  inflammation  is  soon  ooveied  with 
a  white  crust,  which  is  distix^uished  bj  physicians  by  the 
name  of  the  buffy  eoat^  and  whidi  diaracterises  blood 
durinrr  inflammation.  DeTeux  and  Parmentier  ascertained 
that  this  bufnr  coat  consists  of  the  fibrin.  The  cruor,  de- 
prived of  this  substance,  is  much  softer  than  usual,  and 
almost  totally  soluble  in  water.  The  albumen  of  the  serum 
is  also  altered,  for  it  does  not  coagulate  as  usual  when 
heated,  but  it  becomes  milky  when  mixed  with  hot  water. 

2.  The  blood  drawn  from  several  patienU  labouring 
under  sea  scurvy  afibrded  scarcely  any  remarkable  proper- 
ties to  these  chemists,  except  a  peculiar  smell,  and  an  al* 
bum  en  which  was  not  so  easily  coagulated  as  usuaL 

3.  The  blood  drawn  from  patients  afflicted  with  a  putrid 
fever  was  also  examined  by  these  chemists.  Sometimes  it 
exhibited  the  inflammatory'  crust,  but  frequently  it  did  not 
appear  to  differ  from  healthy  blood.f 

4.  During  that  disease  which  is  known  by  the  name  of 
diahetesj  in  which  the  urine  is  excessive  in  quantity,  and 
contains  sugar,  the  serum  of  blood  often,  as  appears  from 

*  Fourcroy,  Ann.  dd  Chim.  vii.  163.  f  Jour,  de  Fbjs.  xlif .  i54. 
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the  nperimcnts  of  Dr.  Dobficm  and  Dr.  RoUo,  anumes  the  Chap.  lU 
appearance  of  whey:.  Dr.  Wollaston  has  shown  that  it 
contains  no  perceptible  quantity  of  sugar,  even  when  the 
urine  is  loaded  with  it 
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Mnx  is  a  fldd  secreted  by  the  female  of  all  those  animals 
denominated  mammaUa^  and  intended  evidently  for  the 
nonrishment  of  her  offspring. 

The  milk  of  every  animal  has  certain  peculiarities  which 
distininiish  it  from  every  other  milk.  But  the  animal  whose 
milk  is  most  made  use  of  by  man  as  an  article  of  food,  and 
with  which,  consequently,  we  are  best  acquainted,  is  the 
ciwr.  Chemists,  therefore,  have  made  choice  of  cow's  milk 
fer  their  experiments.  I  shall,  at  first,  confine  myself  to 
thd  properties  and  analysis  of  cow's  milk,  and  afterwards 
fMiint  out  hi  what  respect  the  milk  of  other  animals  difiers 
from  it|  as  fitf  at  least  as  these  diflferenceshave  hitherto  been 
WBcettained* 

Milk  is  an  claque  fluid,  of  a  whitish  colour,  a  dight  iVoperciet 
l^eculiar  smell,    and   a  pleasant  sweetish    taste.     When  ^^"^"^ 
newly  drawn  from  the  eow,ithas  a  taste  very  difierentfirom 
that  which  it  acquires  after  it  has  be^i  kept  for  some  hours. 
It  reddens  vegetable  blues. 

Its  boiling  and  freezing  points  are  nearly  the  same  as 
those  of  water;  but  they  vary  a  few  degrees  in  different 
milks.*  Milk  is  specifically  heavier  than  water,  and  lighter 
dian  blood;  but  the  precise  degree  cannot  be  ascertained, 
because  almost  every  particnhur  milk  has  a  specific  gravity 
peculiar  to  itself. 

When  milk  is  allowed  to  remain  for  some  time  at  rest.  Spontanea 
diere  collects  on  its  surfece  a  thick   unctuous  yellowish-  ^j^^^^ 
eoloored  substance^  known  by  the  name  of  cream. 

After  the  cream  is  separated,  the  milk  which  remains  is 

*  Jour.  dsPbys.»uLTiii.  368. 


504  PARTS   OF  AVIICALS. 

Book  V.  much  thinner  thatt  before^  and  it  has  a  bluish-white  colour. 

^— ^v"^  If  it  be  heated  to  the  temperature  of  100®,  and  a  little  renr 
nety  lYhich  is  water  digested  with  the  inner  coat  of  a  calf's 
stomach  and  preserved  with  salt,  be  poured  into  it,  ooa^- 
lation  ensues ;  and  if  the  coagulum  be  broken,  the  milk 
very  soon  separates  into  two  substances;  a  solid  white  part, 
known  by  the  name  of  ami,  and  a  fluid  part  called  wliey. 
Thus  we  see  that  milk  may  be  easily  separated  into  three 
parts ;  namely,  cream^  curd^  and  whey. 

Cream.  1.  Cream  is  of  a  yellow  colour,  and  its  consistence  in- 

creases gradually  by  exposure  to  the  atmosphere.  In  three 
or  four  days  it  becomes  so  thick  that  the  vessel  which  con- 
tains it  may  be  inverted  without  risking  any  lo.  s.  In  eight 
or  ten  days  more,  its  surfisu:e  is. covered  over  with  mucors 
and  byssi,  and  it  has  no  longer  the  flavour  of  cream,  but  of 
very  fiit  cheese.*'  Hiis  is  the  process  for  making  what  in 
this  country  is  called  a  creofni  dieese. 

Cream  possesses  many  of  the  properties  of  an  oiL  It  is 
specifically  lighter  than  water;  it  has  an  unctuous  feel, 
stains  clotlies  precisely  in  the  manner  of  oil ;  and  if  it  be 
kept  fluid,  it  contracts  at  last  a  taste  which  is  very  analogous 
to  the  rancidity  of  oils.f  When  kept  boiling  for  some 
time,  a  little  oil  makes  its  appearance,  and  floats  upon  its 
surface.J  Cream  is  neither  soluble  in  alcohol  nor  oils.§ 
These  properties  are  sufiicient  to  show  us  that  it  contains  a 
quantity  of  oil ;  but  this  oil  is  combined  with  a  part  of  the 
curd,  and  mixed  with  some  cerum.     Cream,  then,  is  com- 

Convencd    posed  of  a  peculiar  oil,  curd,  and  cerum.     The  oil  may  be 

intobuitcr  Q^^^\\y  obtained  separate  by  agitating  the  cream  for  a  consi- 
derable time.  This  process,  known  to  every  body,  is  called 
chunung.  After  a  certain  time,  the  cream  separates  into 
two  portions :  one  fluid,  and  resembling  creamed  milk ;  tlie 
the  solid,  and  called  butter. 

Butter  is  of  a  yellow  colour,  possesses  the  properties  of 
an  oil,  and  mixes  readily  with  other  oily  bodies.  When 
heated  to  the  temperature  of  96°  it  melts,  and  becomes 
transparent;  if  it  be  kept  for  some  time  melted,  some  curd, 
water,  or  whey,  separate  from  it,  and  it  assumes  exactly 

*  Piirnicntier  and  Deyeux,  Jour,  de  Phys.  xxxvili.  372. 

t  Ibid.  p.  :U5.  X  Ibid,  pi!  374.  §  Ibid, 
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flie  appearance  of  oiL*    But  this  proceM  deprives  it  in  a  chip.ii. 
great  measure  of  its  peculiar  flavour.  ^— .^^^-^ 

When  butter  is  kept  for  a  certain  time,  it  becomes 
rancid,  owing  in  a  good  measure  to  the  presence  of  these 
foreign  ingredients ;  for  if  butter  be  well  washed,  and  a 
great  portion  of  Uiese  matters  separated,  it  does  not  become 
rancid  nearly  so  soon  as  when  it  is  not  treated  in  this  man- 
ner. It  was  formerly  supposed  that  this  rancidity  was 
owing  to  the  developement  of  a  peculiar  acid;  but  Parm^i- 
Cier  and  Deyeux  have  sliown  that  no  acid  is  present  in 
nmcid  butter.f  When  butter  is  distilled,  there  comes  over 
water,  an  acid,  and  an  oil,  at  first  fluid,  but  afterwards 
concrete.     The  carbonaceous  residuum  is  but  smalL 

Butter  may  be  obtained  by  agitating  cream  newly  taken  Nature  of 
from  milk,  or  even  by  agitating  milk  newly  drawn  from  chuieei 
the  cow.  But  it  is  usual  to  allow  cream  to  remain  for  some 
time  before  it  is  churned.  Now  cream,  by  standing,  ac- 
quires a  sour  taste;  butter,  therefore,  is  commonly  made 
from  sour  cream.  Fresh  cream  requires  at  least  four  times 
as  much  churning  before  it  yields  its  butter  as  sour  cream 
does;^  consequently  cream  acquires,  by  being  kept  for 
some  time^  new  properties,  in  consequence  of  which  it  is 
more  easily  converted  into  butter.  When  very  sour  cream 
is  churned,  every  one  who  has  paid  the  smallest  attention 
must  have  perceived,  tliat  the  butter-milk,  after  the  churn- 
ing, is  not  nearly  so  sour  as  the  cream  had  been.  The 
butter,  in  all  cases,  is  perfectly  sweet;  consequendy  the 
acid  which  had  been  evolved,  has  in  a  great  measure  dis- 
appeared during  the  progress  of  churning.  It  has  been 
ascertained  that  cream  may  be  churned,  and  butter  ob- 
tained, though  the  contact  of  atmospheric  air  be  cxcluded.§ 
On  the  other  hand,  it  has  been  affirmed,  thAt  when  cream 
isdiumed  in  contact  with  air  it  absorbs  a  considerable 
^quantity  of  it.|| 

In  many  cases  there  is  a  considerable  extrication  of  gas 
the  churning  of  butter.     From  the  phenomena,  it 
scarcely  be  doubted  that  this  gas  is  carbonic  acid.    Dr. 


■  I 


'  '  *  Fourcroy,  Ann.  dc  Chim.  vil.  I70.  f  Ibid.  p.  375. 

■        Ibid.  p.  169. 

S  Young,  de  Lacte,  15 ;  and  Thenard,  Nicholson's  Jour.  xii.  518. 

H  Mid-Lothian  Report  for  1795. 
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BookV.  Tflvngaffirmsy  tfaiitdimiif  tfaechuniiiigthenk 
^1  y  m^  of  temperatnre  amonnking  to  four  degrees. 

The  affinity  of  the  oil  of  cream  for  the  other  ingredients 
ii  such,  that  it  never  separates  completely  from  them.  Not 
only  is  cord  and  whey  always  feond  in  the  cream,  but  some 
of  this  oil  is  constantly  foond  in  creamed  milk  and  even  in 
whey:  for  it  has  been  ascertained,  by  actual  experiment^ 
that  batter  may  be  obtained  by  churning  whey.  Twenty- 
aeven  Scotch  pints  of  whey  yield  at  an  average  about  a 
pound  of  batter.*  This  accounts  for  a  ihct  well  known  to 
those  who  superintend  dairies^  that  a  good  deal  more  butter 
may  be  obtained  from  the  same  quantity  of  milk,  provided 
it  be  churned  as  drawn  from  the  cow^  than  when  the  cream 
alone  is  collected  and  churned. 

The  butter-milk,  as  Parmentier  and  Deyenx  ascertained 
by  experiment,  posseises  precisely  the  properties  of  milk 
dicprived  of  creanuf 

Cream,  of  the  specific  gravity  l-0844»  was  analysed  by 
Berzelius^  who  found  it  composed  of 

Butter 4*5 

Cheese S*5 

Whey 92-0 

100-0 

rreperties  S.  Curd,  which  may  be  separated  &om  creamed  milk  by 
of  curd.  rennet,  has  many  of  the  properties  of  coagulated  albumen. 
It  i«  white  and  solid;  and  when  all  the  moisture  is  squeezed 
out,  it  has  a  good  deal  of  brittleness.  It  is  precipitated  by 
acids,  and  the  precipitate  consists  of  the  curd  combined 
with  the  acid  employed  to  precipitate  it.  If  we  digest  this 
precipitate  over  carbonate  of  lime,  or  barytes  and  water, 
the  acid  combines  with  the  earth  and  remains  undissolved 
(supposing  it  sulphuric  acid),  while  the  curd  dissolves  in 
the  water.  The  aqueous  solution  of  curd,  tlius  obtained, 
is  yellowish,  and  resembles  a  solution  of  gum.  When 
evaporated  to  dryness,  it  leaves  a  yellow  mass  which  easily 
redissolves  in  water.  When  the  solution  is  boiled  in  an 
open  vessel,  it  becomes  covered  with  a  white  pellicle,  pre- 
cisely as  milk  does,  and  acquires  the  smell  of  boiled  milk« 

•  Mid-Lothian  Report  for  1795.       f  Jour,  de  Phys.  zuviii.  371^. 
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The  memfarane  u  almost  insoluhle  in  wnter,  and  appears  Chip.  n. 
to  be  a  product  bj  the  action  of  air  <m  thediMolYed  cheese. 
With  the  minmlMds  cord  forms  the  same  oompounds 
as  albumen  and  £3brin  do.  But  the  neutral  compounds  are 
less  acdnhla  A  great  excess  of  acetic  add  is  ret|uired  to 
sKssohre  cord ;  and  the  neutral  oompound  of  curd  and  this 
acid  appear  to  be  insoluble.  The  alkalies  easily  dissolve 
cord.  The  constituents  of  cord,  according  to  the  analysis 
of 'Gay»Lussac  and  Thenard,  are  as  follows : 

Carbon 59-781  Compo* 

Oxygen 11-409  *^ 

Hycbrogen ....    7*429 
Azote 21-S81 


.■ 


lOQiXX)* 

As  we  are  ignorant  of  the  equivalent  number  for  curd^ 
we  are  unable,  firom  the  preceding  analysis,  to  determine 
the  constitution  of  that  substance.  But  the  smallest 
number  of  atoms  which  acpords  with  the  analysis,  is  the 
Jbllowing: 

7  atoms  carbon =  5-25   •••«•.  60-87 

1  atom  oxygen   .•••  as  ]*00 11-60 

5  atoms  hydrc^n  . .  s:  0-625 7'24 

1  atom  azote =  1-75  20-29 

8-625  100-00 

If  we  double  the  number  of  atoms,  it  will  be  in  our  power 
Id  compare  curd  with  gelatin,  albumei^  and  fibrin.  On 
4iat  supposition  its  composition  wiU  be 

14  atoms  carbon ax  10*5 

2  atoms  oxygen. as     2*0 

10  atoms  hydrogen  •  •  •  •  =     1*25 

2  atoms  azote •  s     3-5 

17-25 

Tins  composition  approaches  nearest  to  that  of  gelatin, 
ftom  which  it  differs  by  the  absence  of  4  atoms  water  and 
1  atom  carbon. 

•  ftechefchei  Phystoxhirnkpeii  u.  534. 
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abdk'Tl  '  ^-^Mif^iir  ift  mi/Vkmwi^  k  mod  in '  wMld^f-  tkmae^  ^sbi 
db  dki^ft  tbebttur  llie  miMe  it  cont^ 
tb*d^  ifltttter-ivWch  conidtotet  cnmdiL  It  is  well  knoim 
toJdMMMtttftkers;  fhat^he  goodnos^  it  depcada  in  a  great 
BtemM  M  thenMtfiMr  <J  wpanitiiig die  whey  Aon  die 
ebni -t'lf  llifr  milk'be  nraeh  lieated,  tke-coi^iiai  brokai 
iOfiebei,  andthavrtieyteciblyfqitf^  m  is  diepno- 
tiea'iniAiBj pMts of  Soodaadt  die eheesd is tcarody  good 
lor  any  dung;  Imtdiewlieyisdelicioiiiy  especkdly  the  kst 
sqneeied  oot  whey^  and  butter  may  be  obtained  fnun'it  in 
*  eonsidendde  qoand^^Hi  foil  proof  diat  nearly  the  whole 
creamy  part  of  die  wSSk  has  been  scparatnJ  widi  die  whey. 
Whereas  if  die  milk  be.not  too  mnch  heated  (about  100* 
is  soflScient),  if  the  coagolun  be  allowed  to  remain  mn 
broken,  and  the  wliey  be  separated  by  very  slow  and 
gende  pieasnre^  the  cheese  u  esodknt;  bat  the  whey  k 
Inmost  tnmqpaxenti  and  nearly  cdourless.* 

Good  cheese  mdts  at  a  moderate  beat;  but  bed  cheeaqi 
fdieii  heated,  dries,  curls,  and  exbibiis  all  die  phenomena 
o^buming  horn.  From  this  it  is  efident^  that  good  cheese 
contains  a  quantity  of  the  peculiar  oil  wUdi  constitutes  the 
distingaishing  characteristic  of  cream ;  hence  its  flavour 
and  smell.  Proust  has  found  in  cheese  an  acid  which  he  calls 
the  caseic  acid,  to  which  he  ascribes  several  of  the  peculiar 
properties  of  cheese.t 
Coisttia-  This  resemblance  of  curd  and  albumen  makes  it  probable 
loU^,  that  the  coagulation  of  milk  and  of  albumen  depend  upon 
the  same  cause.  Heat,  indeed,  does  not  coagulate  milk, 
because  the  curd  in  it  is  diluted  with  too  large  a  quantity  cf 
water ;  but  if  milk  be  boiled  in  contact  with  air,  a  pelUcIe 
soon  forms  on  its  sur&ce^  which  has  the  properties  of  curd. 
If  this  pellicle  be  removed,  another  succeeds ;  and  by  con- 
tinuing the  boilings  the  whole  of  the  curdy  matter  may  be 
separated  from  milk.t  When  this  pellicle  is  allowed  to 
remain,  it  falls  at  last  to  die  bottom  of  the  vessel,  where^ 
.  being  expobed  to  a  greater  heat,  it  becomes  brown,  and 
communicates  to  milk  that  disagreeable  taste  which,  in  this 

*  Parmenticr  and  Deyeax,  Jour,  de  Phys.  xxxviii.  417.    Fourcroy, 
ibid.  p.  173.  f  Jour,  de  Phys.  Ixiv.  107. 

X  Parmentier,  Jour,  de  Phys.  xxxYiii.  415. 
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oountry,  it  ealled  a  singed  taste.    It  happens  more  readily  Chip*  u. 
when  millc  is  boiled  along  with  rice,  flour,  8cc  ^ 

If  to  boiling  milk  there  be  added  as  much  of  any  neu- 
tral salt  as  it  is  capable  of  dissolving,  or  of  sugar,  or  of 
gum  arable,  the  milk  coagulates,  and  the  curd  separates.* 
Alcohol  also  coagulates  milk ;  f  as  do  all  acids,  rennet,  and 
the  infusion  of  the  flowers  of  artichoke  and  of  the  thistle.  % 
If  milk  be  diluted  with  ten  times  its  weight  of  water,  it 
cannot  be  made  to  coagulate  at  all.  §  From  the  experi- 
ments of  Bouillon  La  Grange  it  appears  that  the  acid  or 
salt  employed  to  coagulate  milk  combines  with  the  curd.|| 

3.  Whey,  after  being  filtered,  to  separate  a  quantity  of  Whey, 
curd  which  still  continues  to  float  through  it,  is  a  thin  pel- 
lucid fluid,  of  a  yellowish-green  colour  and  pleasant  sweet- 
ish 'taste,  in  which  the  flavour  of  milk  may  be  distin- 
guished. It  always  contains  some  curd;  but  nearly  the 
whole  may  be  s^arated  by  keeping  the  whey  for  some  time 
boiling;  a  thick. white  scum  gathers  on  the  surface,  which 
in  Scotland  is  known  .by  the  name  of  float  whey.  When 
this  scum,  which'  consists  of  the  curdy  part,  is  carefully 
separated,  the  whe^,  after  being  allowed  to  remain  at  rest 
for  some  hours,  to  give  the  remainder  of  the  curd  time  to 
precipitate,  is  decanted  ofi^  almost  as  colourless  as  water, 
and  scarcely  any  of  the  peculiar  taste  of  milk  can  be  dis- 
tinguished in  it.'    If  it  be  now  slowly  evaporated,  it  depo-  Contains 

sits  at  last  a  number  of  white-coloured  crystals,  which  are  '"^'  ^' 

^  -li*!  .  milk, 

sugar  of  milk.    Toward  the  end  of  the  evaporation,  some 

Gtystals  of  muriate  of  potash  and  of  muriate  of  soda  make 
their  appearance.**  According  to  Scheele,  it  contains  also  Salts. 
a  little  phosphate  of  lime^ff  which  may  be  precipitated  by 
ammonia. 

The  recent  experiments  of  Fourcroy  and  Vauquelin, 
Thenard,  Bouillon  La  Grange,  and  Berzelius,  have  added 
eonsiderably  to  our  knowledge  of  the  constituents  of  whe}\ 
It  always  reddens  vegetable  blues,  containing  a  portion  of 
lactic  acid.  It  contains  likewise  some  phosphate  of  mag- 
nesia and  phosphate  of  iron,  as  Fourcroy  and  Vauquelin 

•  Scheele,  ii.  59.  f  Parmenticry  Jour,  dc  Phy:.  xxxviii.  416. 

X  Parmentier,  Jour,  de  Pliys.  xxxviii.  416.  \  .Scheele,  ii.  54. 

II   Nicholson's  Jour.  x.  143. 
••  Parmentitr,  Jour,  de  Phys.  xxxfiii.  4 IT.  ft  Scheele,  ii.  61 . 
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BookV.  iMMe  fiioofered.*     Salpbaie  of  poAash,*  Vtamke,  sad  • 
^■^  y  ■  '  peculiar  extractive  mattery  have  been  acpartled  fram  it. 

From  the  analyra  of  Berzdhia  we  kam  thai  100  parts 
of  milk  deprived  of  its  cream  is  ooinpowd  of  die  foUowii^ 
ingredients: 

Water 928*75 

Curd  with  a  little  cream ^S'OO 

Sugar  of  milk 35*00 

Muriate  of  potash  •  ••• 1*70 

Phosphate  of  potash 0^6 

Lacdc  acid,  acetate  of  potasht  with  7  ^.^^ 

a  trace  of  lactate  of  iron 3 

Earth  J  phosphates ..  • •••••      0*30 

1000-00 

Milk  ca-        Milk  is  one  of  the  fi^  animal  substances  which  may  be 
P*^'^/  made  to  undergo  the  vmous  fermentation,  and  to  affcvd  a 


Bcotitaoa.  liquor  resembling  wine  or  beer,  from  which  alcohol  msj 
be  separated  by  distilhition.  This  smgnlar  &ct  seems  to 
have  been  first  discovered  by  the  Tartars;  they  obtain  all 
their  spirituous  liquors  from  nrare^s  milk.  It  has  been 
ascertained  that  miUc  is  incapable  of  being  converted  intv 
wine  till  it  has  become  sour;  after  this  nodiing  is  neces- 
sary but  to  place  it  in  the  proper  temperature ;  the  fennen- 
tation  begins  of  its  own  accord,  and  continues  till  the  tat^ 
mation  of  wine  be  completed.t  Scheele  had  observed  thst 
milk  was  capable  of  fermenting^  and  that  a  great  quanti^ 
of  carbonic  acid  gas  was  extricated  from  it  during  ibis  fep- 
mentation-t  But  he  did  not  suspect  that  the  result  of  diif 
fermentation  was  the  formation  of  an  intoxicating  liquor 
similar  to  wine.  The  Tartars  call  the  vinous  liquid  which 
they  prepare  koumiss.  An  account  of  its  preparadon  and 
mediad  uses  has  been  published  by  Dr.  Guthrie.  §  In 
Orkney  and  Shetland  also^  as  I  have  bc^  informed  by  Sir 
John  Sinclair,  it  is  prepared  nearly  in  a  similar  way. 
DhcUlition  When  milk  is  distilled  by  the  heat  of  a  water-bath,  there 
^"^Ub      comes  over  water,   having  the  peculiar  odour  of  milk; 

•  OeUaii,  Ana.  de  Chim.  1.  S79.    Vanqnelin^  Gehlen's  Jour.  iii.  456. 
f  Parmentier,  Jonr.  de  Pb/s.  xuriii.  365.  t  Scheele,  ii.  6S. 

t  £dia.  Tnns.  voL  ii. 
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whicb  putrifiesy  sod  oonaequently  cnnfiiin^  besides  mere  cfaa^  IL 
water,  some  of  the  other  constitueDt  parts  cS  milk.    After  ^ "  v  ""^ 
some  time  the  milk  ooif^ulatesy  *  as  always  happens  when 
hot  albumen  acquires  a  certain  degree  of  concentration* 
There  remains  behind  a  thick  unctuous  yellowidi«white 
substance,  to  which  Hofiinan  gave  the  name  oifranchipamu 
This  substance,  when  the  fire  is  increased,  yields  at  first  a 
transparent  liquid,  which  becomes  gradually  more  coloured  | 
some  very  fluid  oil  comes  over,  then  ammonia^  an  acidy 
and  at  last  a  very  thick  black  oil.    Towards  the  end  of  the 
process  carbureted  hydrogen  gas  is  disengaged*t    There 
remains  in  the  retort  a  coal,  which  contains  carbonate  of 
potash,  muriate  of  potash,  and  phoq>hate  of  lime^  and  some* 
times  magnesia,  iron,  and  muriate  of  soda.^ 

The  milk  of  all  other  animals,  as  far  as  it  has  hitherto 
been  examined,  consists  nearly  oi  the  same  ingredients  as 
cow's  milk;  but  there  is  a  very  great  difference  in  their 
proportion. 

Woman's  milk  has  a  much  sweeter  taste  than  cow's  milk,  woman's 
When  allowed  to  remain  at  rest  for  a  sufficient  time^  a  cream  "'^ 
gathers  on^its  sur&ce.  This  cream  is  more  abundant  than 
in  cow's  milk,  and  its  colour  is  usually  much  whiter.  After 
it  is  separated,  the  milk  is  exceedingly  thin,  and  has  the 
appearance  rather  of  whey,  with  a  bluish-white  colour,  than 
of  creamed  milk. 

None  of  the  methods  by  which  cow's  milk  is  coagulated 
succeed  in  producing  the  coagulation  of  woman's  niilk.f 
It  is  certain,  however,  that  it  contains  curd ;  for  if  it  be 
boiled,  pellicles  form  on  its  surface,  which  have  all  the  pro» 
parties  of  curd.||  Its  not  coagulating,  therefore^  must  be 
attributed  to  the  great  quantity  of  water  with  which  the 
curd  is  diluted. 

Though  the  cream  be  churned  ever  so  long^  no  butter 
can  be  obtained  from  it ;  but  i^  after  being  agitated  for 
some  hours,  it  be  allowed  to  remain  at  rest  for  a  day  or 
two,  it  separates  into  two  parts ;  a  fluid  which  occupies  the 
inferior  part  of  the  vessel,  pellucid  and  colourless  like 
water,  and  a  thick  white  unctuous  fluid,  which  swims  oo 

•  Bouqaet.  f  ParoMBtiery  Jour,  de  Phjs.  mmi.  308. 

X  Mem.  Med.  Par.  1787,  p.  007.  $  Clarke^  Irish  Traiif.  n.  If  5. 

I  Panasntier,  Joar.  de  PbTt.  izzTiii.419. 
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Book  V.  the  mirfiice.  The  lowermost  fluid  contains  sngar  of  milk 
^*~"v*^  and  some  curd;  the  uppermost  does  not  dittsr  from  crcsm 
except  in  consistence.  The  oily  part  of  the  cream,  then, 
cannot  be  separated  by  agitation  from  the  curd.  *  Tbit 
cream  contains  a  greater  portion  of  curd  than  the  cream  of 
cow's  milk,  f 

When  this  milk,  after  the  curd  is  separated  from  it,  is 
slowly  evaporated,  it  yields  crystals  of  su^  of  milk  and 
of  muriate  of  soda.  The  quantity  of  sugar  is  rather  greater 
than  in  cow's  milk.  According  to  Haller,  the  sugar  ob- 
tained from  cow's  milk  is  to  that  obtained  from  an  equal 
quantity  of  woman's  milk  as  35 :  58^  and  sometimes  as 
S7 :  67,  and  in  all  the  intermediate  ratios. 
Itt  pecn-  Thus  it  appears  diat  woman's  milk  differs  from  that  of 
*"**'      cows  in  three  particulars : 

1.  It  contains  a  much  smaller  quantity  of  curd. 
8.  Its  oil  is  so  intimately  combined  with  its  curd  that  ii 
docs  not  yield  butter. 

S.  It  contains  rather  more  sugar  of  milk. 
Parmentier  and  Deyeux  ascertained  that  the  quantity  of 
curd  in  woman's  milk  increases  in  proportion  to  the  time 
after  delivery.:|:     Nearly  the  same  thing  has  been  observed 
with  respect  to  cows'  milk. 
Ati*!  mHk.      Ass's  milk  has  a  very  strong  resemblance  to  human  milk: 
It  has  nearly  the  some  colour,    smell,   and  consistence. 
When  left  at  rest  for  a  sufficient  time,  a  cream  forms  upon 
its  surface,    but  by  no  means  in  such  abundance  as  in 
woman's  milk.     This  cream,  by  very  long  agitation,  yields 
a  butter,  which  is  always  soft,  white,  and  tasteless ;  and, 
what  is  singular,  very  readily  mixes  again  with  the  butt»- 
milk ;  but  it  may  be  again  separated  by  agitation,  while  the 
vessel,    which    contains    it,    is    plunged    in    cold   water. 
Creamed  ass's  milk  is  thin,  and  has  an  agreeable  sweetish 
taste.     Alcohol  and  acids  separate  from  it  a  little  curd, 
which  has  but  a  small  degree  of  consistence.     The  serum 
yields  sugar  of  fiiilk  and  muriate  of  ]ime.§ 

Ass's  milk  therefore  differs  from  cow's  milk  in  three  par- 
ticulars : 

1.  Its  cream  is  less  abundant  and  more  insipid. 

•  Parmentier,  Jour,  de  Pbys.  xxxviii.  419.  f  Ibid. 

I   Ibid.  p.  432.  $  Ibid.  p.  4SS. 
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2.  It  contains  less  curd.  ch&p.n. 

3*  It  ocHitains  more  sugar  of  milk :   the  proportion  is  ^^     "^^^^ 
35:80. 

Goat's  milk,  if  we  except  its  consistence,  which  is  greater,  Goat's 
does  not  differ  much  from  cow's  milk.    Liikc  that  milk,  it  ^^^' 
throws  up  abundance  of  cream,  from  which  butter  is  easily 
obtained.    The  creamed  milk  coagulates  just  as  cow's  milk, 
and  yields  a  greater  quantity  of  curd.    Its  whey  contains 
sugar  of  milk,  muriate  of  lime,  and  muriate  of  soda.* 

Ewe's  milk  resembles  almost  precisely  that  of  the  cow«  Ewe'i  mUk. 
Its  cream  is  rather  more  abundant,  and  yields  a  butter 
which  never  acquires  the  consistence  of  butter  from  cow's 
milk.  Its  curd  has  a  fat  and  viscid  appearance,  and  is  not 
without  difficulty  made  to  assume  the  consistence  of  the 
curd  of  cow's  milk.    It  makes  excellent  cheese.t 

Mare's  milk  is  thinner  than  that  of  the  cow,  but  scarcely  Marc'i 
to  thin  as  human  milk.     Its  cream  cannot  be  converted  °"^^* 
into  butter  by  agitation.     The  creamed  milk  coagulates 
precisely  as  cow's  milk,  but  the  curd  is  not  so  abundant. 
The  serum  contains  sugar  of  milk^  sulphate  of  lime^  and 
muriate  of  lime,  j: 


SECT.  xm. 

OF  EGGS. 


The  ^gs  of  fowls  consist  of  four  distinct  parts ;  namely,  i.  The 
the  shellf  a  thin  membrane  that  lines  the  shell;  andtwb>^^l- 
liquids,  the  white  and  the  yolk,  which  fill  the  whole  inter-* 
nal  cavity  of  the  q^. 

1.  The  shell,  as  is  well  known,  consists  chiefly  of  cax^ 
bonate  of  lime  cemented  together  by  an  animal  matter. 
But  Vauquelin  has  shown  tfiat  it  contains  likewise  mag* 
nesia,  probably  in  the  state  of  carbonate,  phosphate  of 
lime,  and  a  notable  quantity  of  oxide  of  iron.  The  animal 
matter  which  acts  as  a  cement  to  the  calcareous  salt  con- 
tains sulphur  as  a  constituent ;  for  when  the  shell  is  calcined, 

•  Parmentier,  Joor.  de  Phys.  xxxviii.  425. 
t  Ibid.  p.  438.  t  I1»<1'  P*  431. 
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that  A  hydmcyuac  and,  vludi  b  ilaa  formed  during  the 

' '  olcintian  of  wgg^ttU^  ■ 

^Tte-      .  8."TbelliinMemUM*«UdifiMkdeiiiiidecf  iktdidl 

— ^"^  of  tfw  «g|  pmi wi  tlM-dto|—«—  tf  ribrnnp.    ^kedirt 

Mbrtanoe  it  diHi4ic*affHMifcpotHh,.andikpr«GqntatBd 

bjf  acid*  ill  vrliitc  fliikc&.t 

B-Tbm  9.  Tltc  wliiw  u  a  glai^' imifild  litjuid,  olten:iib«d  ■»• 

^?^-     :  iaai  of  varnish,   and  to  clarify  turbid  ]i([uors.     FW-'the 

MKMi  accurate  experiments  on  ttit;  composition  of  thbUqnii 

«•  are  indebted  to  Dr.  Bfwtiick.     It  had  be«n  (.'onudtand 

M  aEinofil  pure  albimid),  but  he  tins  shuwn  that-lt  Utf  ■ 

■Olili  compound  nature.      \Vh<.-fi  licateii  it  confrulatM^tolt 

a  HiuD  portion  liaamiiiMfmi^imhUS^  irimi  t^mpohtali  Kt 

i-,^:/  jgyatm, harwa wdaiiapuJ>twi%riimiawpLHIui at-mmba. 

.ii.m  f^aaa  Ae  ppmwwtrrf  'BoifrcVil'foUMwdMtiiiat  tit 

tggh aampijii tit    -■       -d'i'    .(11*;.; Jtu-  ■,■■  ■•>■'''  ■  ■-'■* 

Srf«tt;i!i,vv;#B;"*"^-'i'  :■■;.:■ 

■■  ■■'■■  '■      ■  Jl!lbJihi>.'..vft'*'**-'"'':..  •'■'■■'  •  * 

Mmw 4-5    l-''  '■'  '■   ^'■*■■"■ 

--    -  loo-ot 

Besides  Gomc  traces  of  soda,  of  sulpliureted  hydn^en  gas, 

and  of  benzoic  acid.  -      ■  ■■, 

*.  The  4.  The  yolk  has  a  mild  oily  taste;  when  boiled,  it  b^ 

''"'  comes  solid,  and  easily  scpinlks  into  small  particles.     If 

it  be  now  heated  for  some  time  in  Bpaii>  it  Boliens^Biid 

.. !  when  squeezed  between  the  fingers^  drops  of  oil  exnde.     If 

pat  into  linen  in  thia  state  and  pressed,  an  oil.  maj  be 

forced  out.     This  oil  is  of  a  yellow  colour  and  insipid, 

unless  too  much  heat  haf  been  onplsyed  in  preparing  it. 

CoouiM     Its  properties  are  those  ofjixed  oil,  or  rather  of  aemifluid 

*" '  ftt    Chandelier  obtained  this,  oil  without  the  asaistaiic«  of 

heat.$ 
AlbnoMn,       The  reudue,  ailer  the  separation  of  thc:oil,  posaewea  the 
properties  of  albumen,  though  it  is  still  a  little  cqlouredby 
the  remains  of  the  oil.     Hence,  when  washed  with  water^ 

*  Ann.  de  Chiro.  hxii.  304.  f  VauqueUn.     Ibid.  p.  309. 

X  NicbolHin't  Jour.  xi.  940;  ud  ill.  143. 
§  JouT.  de  Med.  XT).  49. 


A  kind  of  emulsion  Is  obtained.     It  is  owing  to  the  presence   Chap.  II. 
of  albumen  that  the  yolk  hardens  when  Iieat^.  ^""V^ 

Thus  it  appears  tliut  the  yolk  consists  of  three  constitu- 
ents : 

1.  Water, 

2.  Oil. 

9.  Albumen. 

The  knowletlge  of  its  component  parts  enables  us,  with- 
out difficulty,  to  explain  the  changes  produced  upon  the 
yolk  by  the  action  of  different  reagents. 

Mr.  Hatchett  found  that  when  yolk  is  boiled  with  potasli,  Action  of 
it  forms  a  pale  olivt-coloured  concrete  animal  soap,  which,  Po^«h. 
when  dissolved  in  water,  and  saturated  with  muriatic  acid, 
is  thrown  down  in  the  state  of  fiit.     When  burnt  the  yolk 
leaves  a  small  residuum  of  phosphate  of  lime  and  phos* 
phate  of  soda.* 

When  agitated  with  water,  the  yolk  forms  a  white  emul- 
sion like  miik.  The  principal  use  of  the  yolk  is  to  serve 
for  tbod  to  tlic  chicken  before  it  bursts  the  shell. 


SEjCT.  XIV. 

O^   SALIVA. 


.  The  fluid  secreted  in  the  mouth,  which  flows  in  consi- 
j^erable  quantity  during  a  repast,  is  known  by  the  name  of 
sal'wa.  All  the  properties  of  this  liquor  which  had  been  History, 
observed  by  philosophers  before  the  middle  of  the  18th 
century  have  been  collected  by  Hallcr :  f  but  since  that 
tune  several  additional  facts  have  been  related  by  Fourcroy, 
Du  Tennetar,  and  Brugnatelli ;  and  a  verj'  numerous  set  of 
txperiroents  have  been  published  by  Mr.  Siebold  in  17979 
in  his  Treatise'on  the  Salivan/  Sijstem,  Berzelius  has  sub- 
jected saliva,  as  well  as  the  other  secretions,  to  an  accurate 

analysis.^ 

Saliva  is  a  limpid  fluid  like  water ;  but  much  more  viscid:  Properties. 
It  has  neither  smell  nor  taste.     Its  specific  gravit}',  accord- 

•  Hatchett,  Phil.  Trans.  1800.  f  Hulier's  Physiology,  toI.  ri, 

'  t  Annals  of  Philosophj,  ii.  379. 
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■dPkT.  mg  to'HflBbogBi^ft  1-0167;*  Moovdiflg  Id  SkJboUi 
'  ItMa    I  iilnd  k  ltM6S.    WIwb  agitated,  itfMlislike 
all  oiiier  aJwiif e  Mfrifc;  laiaad  H  b  pinally  ndaad  with 
dr,  and  liaa  die  appeannee  6f  frodu 

It neitiicr miaea nadiljr wiA irafeer nor ofl ; t  bntbjtri- 
taration  in  a  mortar  it  oaf  I*  a6  imaed  widi  water  at  to 
pas  dnoBi^  a  filler^  ft  ll^'arifl  to  bate  an  afflnit^  far 
osjgen,  to  aliMiKb  k  nadil|f  torn  tlia  mr,  .and  to  gire 
itoati^ainlDodierbodie|4.  HmoBlheinmm'^iM 
or  nkcTy  u Jtiualed  wifli  aliaafa  a  jaortart  MondiaBOf'  aa 
DuTometar  kas  ofaaffied;  aadwtydie  Ulfing of  mar- 
cmybjoib  ia  nmifc  iiiililaiMl  bf  tpittiBg  into  llie  mixr 
tine.|  Home  aln^  in  afl  gadbabBi^  tiia  laamli .  lliat 
lalifa  k  a  niiM .  appBcation  to  aewi  of -the  ikig*  Dog% 
and  aeferal  other  aniwahj  hawa  eaMlaB%  neaafeaa  to  ^ 
icmodjy  and  with  mmm  adianiigau 

When  miud  with  .water,  a  irwliakai  of-macnt  preci- 
pitate. From  the  csperiaMBla  of  Dr.  Boatodc»  we  leani 
that  this  mocoak  not  m.atlBla  of  aohrtioQ..  ItkaqMonfed 
bjthe  filter,  and  anUdeB  of  ki  oww  aeoord  when  the  li- 
mpid k  £bued  with  water.  In  hk  aipljiki  thk  matter 
amoonted  toCHrof  theaolidlnatter  oontdnedintheealm 
examined.** 

When  saliva  is  eraporated,  it  swells  exceedingly,  and 
leaves  behind  it  a  thin  brown-coloured  crust :  but  if  the 
evaporation  be  conducted  slowly,  small  cubic  crystals  of 
muriate  of  soda  are  formed.  The  viscidity  of  saliva,  the 
property  which  it  has  of  absorbing  oxygen,  and  of  being 
inspissated,  announce  the  presence  of  a  peculiar  matter  m 
a  component  parL  This  is  confirmed  by  the  effect  of 
acetate  of  lead,  which  produces  a  copious  precipitate  in 
saliva.  Dr.  Bostock  considers  this  matter  as  constituting 
about  4-  of  the  solid  contents  of  saliva.ff 

When  saliva  is  distilled  in  a  retort,  it  firoths  very  much : 

• 

•  Hallcr's  Physiology,  vol.  v'u  58.  f  Naroetiiis,  ibid.  p.  34. 

I  Fordice  on  Digest,  p.  51. 
§  Fourcroy,  Ann.  de  Chim.  xxviii.  268. 

II  Fourcroy,  ibid.— Dr.  Saanders  ascemuned  long  ago,  that  mercury 
toon  disappears  when  triturated  with  saliva.  He  found  the  mucus  of  the 
throat  still  more  efficacious,  and  the  mucilage  of  gum  arable  tha  noft 
efficacious  of  all. 

♦  •  Nicholson's  Jour.  xiv.  148.  ff  Ibid.  p.  149. 
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100  parts  yield  80  parts  of  water  nearly  pure,  then  a  little  Chap.  ii. 
carbonate  of  ammonia,  some  oil,  and  an  acid,  which  per- 
haps is  the  prnssic.     The  residuum  amounts  to  about  1*56 
part,  and  is  composed  of  muriate  of  soda,  phosphate  of 
soda  and  phosphate  of  lime.* 

The  adds  and  alcohol  inspissate  saliva ;  the  alkalies  dis- 
«Qgi^  ammonia;  oxalic  acid  precipitates  lime;  and  the 
nitrates  of  lead,  mercury,  and  silver,  precipitate  phospho- 
ric and  muriatic  acids. 

The  constituents  of  Saliva  according  to  the  analysis  of 
Berzelius  are  as  follows : 

Water 992'9 

Peculiar  animal  matter 2*9 

Mucus 1'4« 

Alkaline  muriates, 1*7 

Lactate  of  soda  and  animal  matter  . .      0*9 
Pure  soda 0*2 

1000-0 1 

The  peculiar  animal  matter  possesses  the  characters  of 
mucus  as  given  in  the  last  Chapter  of  this  work.  It  is  so* 
luble  in  water,  insoluble  in  alcohol,  and  precipitated  by 
subacetate  of  lead. 

The  substance  to  which  Berzelius  has  thought  proper  to 
apply  the  term  mucus  is  in  white  flakes,  and  has  very  much 
the  appearance  of  coagulated  albumen.  It  has  been  de- 
nominated albumen  both  by  Dr.  Bostock  and  myself.  It 
is  quite  insoluble  in  water.  It  becomes  transparent  and 
homy  in  acetic,  muriatic,  and  sulphuric  acids,  but  does  not 
dissolve  in  them.  It  dissolves  in  caustic  potash,  and  is 
again  separated  by  acids.  It  is  easily  incinerated,  and  the 
ashes  contain  a  considerable  portion  of  phosphate  of  lime, 
though  none  of  that  salt  can  be  detected  in  it  before  inci- 
neration. 

It  is  this  peculiar  substance  which  adheres  to  the  teeth, 
and  gives  origin  to  the  tartar  with  which  they  are  often 
oicrusted.  This  tartar  according  to  the  analysis  of  Ber- 
zdius  is  composed  of 

*  Vorbeyen,  Teztor,  Nuck,  &c.  as  quotod  hj  Haller,  Phyiiol.  vi. 
55.    Fourcroy,  ix.  365. 

f  Amialf  of  Philosophy,  ii.  379. 
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BtS  PABTS    OF    AMIMAU.  H 

rv.  Earth;  phosphates 79^  f^M 
UD(I»:uiii)H^e(l  mucus 13*5  -J^H 
Peculiar  uilivary  matter 1*0  iMiV 
Animal  inuttcr  soluble  in  iiiurialic  acid.  7'S  ~" 
100-0  * 
SOlra  of  Such  are  the  proix-Ttiis  of  human  saliva.  The  saliva  of 
ihehg.«.  the  horse  wai  analysed  by  Hapci  Dpiachcnier  in  1780.  He 
collected  12  ounce's  of  it  in  llie  space  of  2*  hours  hy  puno- 
turinj!  tlit;  salivary  ducL  Its  colour  was  greenish-yellowi 
its  feel  soapy  ;  Jt  had  a  weak  (lisn)(reeabl»  smell  and  a  saline 
taiitc.  Boiling  water  and  alcohol  coagidoted  it  in  pavt ;  as 
did  the  acids.  When  sulphuric  iicid  v^a^  umxI,  i>nlpliaLe  of 
soda  was  obtained.  It  puirilicd  in  about  1 V  days ;  and 
when  allowed  to  evaporate  spontaneously,  it  Iti't  a  black 
residuum  like  earth.  When  dislilled,  Jt  yieidetl  an  iniipid 
watery  li(}iiid,  ci'ystals  of  carbonate  of  uminonia,  a  thick 
black  empyrenniatic  oil,  carbureted  hydrogen,  and  carbo- 
nic acid :  and  a  charcoal  remained. 

It  is  rather  »>Lirj)ri&iug  that  no  experiments  have  been 
hitherto  made  oa  the  saliva  of  dogs;  though  the  hijdfi^ha- 
h'la  has  been  usually  ascribed  to  the  infusion  of  ibc  saliva  of 
that  animal  rendered  morbid  by  disease.f 

llie  pancreatic  juice  has  never  been  examined  with  tnucb 
attention;  but  it  does  itot  appear,  from  the  expenmratt 
that  hav^  been  made,  to  di£rer  much  from  saliva. 


Bile  is  a  liquid  of  a  yellowish-green  colour,  an  unctuous 
feel,  bitter  taste,  and  peculiar  smell,  which  is  secreted  by 
the  liver;  and  in  most  animals  considerable  quantities  of  it 
arc  usually  found  collected  in  the  gall  bladder. 

Great  attention  has  been  paid  to  this  liquid  by  J^^u- 
cians;  because  the  ancients  were  accustomed  to  ascribe  a 
very  great  number  of  diseases,  and  even  affections  of  the 

•  Annah  of  Phiknoplif,  ii.  381. 

-t  Tli«  reoiarki  of  Dr.  Mead  in  hi*  Emsjts  on  PoUcms  m«  taoliTpo* 
ibetic  and  abturd  to  be  tranicribcd. 
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mind,  to  its  agency.  Several  important  obaervations  were  chap.  ii. 
made  on  it  by  Boyle,  Boerhaave,  Verh^en,  Ramsay,  and  '^— v-^ 
Baglivi ;  and  some  facts  have  since  been  added  to  our  che- 
mical knowledge  of  bilo  by  Maclurg  and  Fourcroy.  But 
the  most  accurate  chemical  analyses  were  those  of  Cadet, 
published  in  the  Memoirs  of  the  French  Academy  for 
1767,  and  of  Van  Bochante,  published  in  1778,  till  The* 
nard  read  his  very  ingenious  experiments  on  it  to  the  Na* 
tional  Institute  in  1805.*  Berzelius  indeed  had  given  a 
still  more  accurate  analysis  of  bile  in  the  second  volume  of 
his  Animal  Chemistry,  published  at  Stockholm  in  1808. 
But  as  that  book  was  in  the  Swedish  language,  his  results 
remained  unknown  to  Chemists,  till  he  published  his 
«  General  Views  of  the  Composition  of  Animal  Fluids," 
in  the  thinl  volume  of  the  Medico-chirurgical  Transac- 
tions, in  1819. 

I  shall  in  the  first  place  state  the  nature  and  properties 
of  ox  bile,  and  then  gave  an  account  of  the  bile  of  other 
animals  as  far  as  it  has  been  examined. 

1.  Ox  bile  is  a  liquid  of  a  yell6wish-green  and  sometimes  Properties 
of  a  deep-green  colour.  Its  taste  is  very  bitter,  but  at  the  ®^  °*  *'**^' 
same  time  sweetish.  Its  smell  is  feeble,  but  peculiar  and 
disagreeable.  It  does  not  act  on  vegetable  blues.  Its  con- 
sistence varies  very  much.  Sometimes  it  is  a  thin  muci- 
lage ;  sometimes  very  viscid  and  glutinous ;  sometimes  it  is 
perfectly  transparent,  and  sometimes  it  contains  a  yellow 
coloured  matter  which  precipitates  when  the  bile  is  diluted 
with  water. 

The  specific  gravity  of  ox  bile  seems  to  vary,  -like  that 
of  all  other  animal  fluids.  According  to  Hartmann,  it  is 
1*027;  t  according  to  Thenard,  1*026  at  the  temperature  of 
iS°.  When  strongly  agitated,  it  lathers  like  soap ;  and  for 
this  reason,  as  well  as  from  a  medical  thcorj'  concerning 
its  use,  it  has  been  often  called  an  animal  soap. 

It  mixes  readily  with  water  in  any  proportion,  and  as-  Action  of 
sumes  a  yellow  colour ;  but  it  refiises  to  unite  with  oil ;  ^^' 
when  the  two  fluids  are  agitated  together,  the  instant  that 
they  are  left  at  rest  the  oil  separates  and  swims  on  the  sur- 
face.j:    Bile,  however,  dissolves  a  portion  of  soap  readily, 
and  is  often  employed  to  free  cloth  from  greasy  spots. 

•    •  Mem.  d'Arcueil,  i.  23  and  46.  t  Haller's  Phjs.  ri.  546. 

X  Ramsay,  Tbetanr.  Med.  Edin.  ii.  459.    Maclurg,  p.  10. 


PARTS    OF   ANIMALS. 

-.  When  distilled  to  dryness  it  becomes  at  first  tlightly 
"^  miuldy;  then  it  IVodit  violently,  and  a  colourless  liquid 
pftases  into  the  receiver,  having  b  smell  simitar  to  that  of 
bile,  and  slightly  precipitatinjf  superacetate  of  lead.  The 
residue  in  the  retort,  when  well  dried,  amounts  to  from  ^^ 
to  ^th  of  the  whole.  It  has  a  greenish  yellow  colour,  ■ 
very  bitter  taste,  slightly  deliquesces  in  the  air,  and  b  al- 
most totally  soluble  in  water  and  alcohol.  When  strongly 
houLed  it  is  decom{H»ed,  and  gives  die  usual  products  of 
animal  substances :  only  the  proportion  of  oil  is  greater, 
and  that  of  carbonate  of  ammonia  smaller,  than  what  ia  ' 
furnished  by  by  most  animal  bodies.  A  voluminous  char- 
coal remains  behind  containing  soda  and  several  saline  bo- 
dies ;  namely,  common  salt,  phosphate  of  soda,  sulphate  of 
soda,  phosphate  of  lime,  and  some  traces  of  oxide  of  iron. 
Tlie  soda  <loes  not  exceed  -rhr^'  P^'^  ^^  ^^  ^^^ 

When  an  acid  is  added  lo  bile,  even  in  a  minute  quan- 
tity, it  acquires  the  property  of  reddening  vegetable  blues. 
The  addition  of  a  little  more  acid  occasions  a  precipitate, 
and  sulphuric  acid  occasions  a  greater  precipitate  than  any 
Other  acid.  This  precipitate  consiBta  of  a  yellow  coloured 
matter  often  visible  in  bil^  and  which  is  insoluble  in  water. 
If  we  continue  lo  add  sulphuric  acid  after  the  yellow  matter 
baa  been  removed,  the  [Hcromd  precipitates  in  oombinatioB 
with  It  and  constitutes  the  grem  coloured  mattw  fornu^ 
distmguished  by  the  name  of  re«n  of  bile.  Thoiard  •»• 
parated  the  picromel  by  means  of  acetate  and  nibacetate  of 
lead,  and  be  considered  it  as  two  distinct  substancea,  to 
which  he  gave  the  names  of  tvsm  and  fiawiKl.  Bendins 
has  rectified  this  mistake.  Many  yean  ago  I  mixed  ■ 
quantity  of  muriatic  acid  with  ox  bile,  decanted  the  liquid 
portion  from  the  coagulum  which  precipitated.  The  liquid 
was  put  into  a  phial  and  placed  near  a  window  thitnigh 
which  the  sun  shone  for  several  hours  every  day.  A&v 
some  muutlis  I  found  the  picromel  precipitated  to  the  bot- 
tom in  the  form  of  unall  spheres.  Its  colour  was  whiter 
with  a  slight  yellowish  green  lint,  and  ito  taste  wae  sweet 
with  an  implosion  of  bitterness. 
c  By  evapor^ing  a  quantity  of  bile  to  dryness,  calcining 
it,  and  proceeding  in  the  usual  way,  Thenard  aicertaiiwd 
the  proportion  of  salts  which  it  contained.  The  fi>l lowing 
was  the  result  of  his  analysis  of  800  parts  of  bile. 
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Water TOO-O 

Picromel  and  resin 84*3 

Yellow  matter 4*5 

Soda. 4*0 

Phosphate  of  soda 2*0 

Muriate  of  soda S*2 

Sulphate  of  soda 0*8 

Phosphate  of  lime. 1*2 

Oxide  of  iron Trace 


800*0 

ilbumen,  announced  as  a  constituent  of  ox  bile  by 

;  *  and  Ramsay^f  was  the  yellow  matter  of  Thenard. 

Such  are  the  properties  and  the  constituents  of  ox  Bile  of 

»  far  as  they  have  been  examined  by  Thenard.  From  m^'.*"'* 

[periments  of  the  same  chemist  it  appears,  that  the 

f  the  cal^  the  dog,  the  sheep,  and  the  cat,  resemble 

f  the  ox  exactly,  both  in  their  properties  and  their 

tuents.j: 

rhe  bile  of  the  sow  differs  entirely  from  that  of  all  Of  the  sow. 

animals.     It  contains  neitlier  albumen,  nor  animal 

r,  nor  picromel,  but  is  merely  a  soap,  as  it  contains  a 

quantity  of  resin  and  of  soda,  and  is  decomposed 
Bcility  by  all  the  acids,  even  by  vinegar.     It  contains 
.  also  of  several  salts;  but  Thenard  did  not  ascertain 
nature.§ 
The  bile  of  the  common  hen,  of  the  turkey,  and  the  Of  fowl*. 

has  a  good  deal  of  resemblance  to  that  of  quad- 
it.  But  it  difiers  in  the  following  particulars :  1.  It 
ins  a  considerable  quantity  of  albumen ;  2.  The  pi- 
*l  has  no  sensible  sweet  taste^  but  is  very  acrid  and 
;  S.  It  contains  very  little  soda;  4.  The  resin  is  not 
litated  by  common  superacetate  of  lead ;  but  super- 
B,  boiled  with  ^-th  of  its  weight  of  litharge,  occasions 
)recipitate.|| 

The  bile  of  the  thoruback  and  salmon  is  yellowish  Of  fishes. 
•     When  evaporated  it  leaves  a  matter  which  has  a 
sweet  and  slightly  acrid  taste.    It  appears  to  contain 
sin.    Hie  bile  of  the  carp  and  tlie  eel  is  very  green, 
bitter,  contains  little  or  no  albumen,  but  yields  soda, 

Mem.  Par.  1767,  p.  340.  t  Tbesaur.  Ediii.  ii.  460. 

Mem.  d'Arcueil,  i.  48.        §  Ibid.  p.  49.        ||  Ibid.  p»  50. 
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Book  V.   resm,  and  a  sweet  acrid  matter  similar  ta  that  vihich  may 
be  obtained  from  salmon  bile.* 

6.  Human  bile  di&rs  considerably  from  that  of  all  otlier 
animals  examined.  Its  colomr  is  sometimes  green,  some- 
times yellowish  brown;  sometimes  it  is  nearly  colourless. 
Its  taste  is  not  very  bitter.  It  is  seldom  completely  liquid, 
but  usually  contains  some  yellow  matter  luspetided  in  it 
When  evaporated  to  dr}'ness  it  leaves  a  brown  matter 
amounting  to  about  ^h  of  the  original  weight.  When 
this  matter  is  calcined  it  yields  all  the  salts  which  are  to  be 
found  in  ox  bile.  All  the  acids  decompose  human  bile,  and 
throw  down  a  copious  precipitate  consisting  of  albums 
and  resin.  One  part  of  nitric  acid  is  capable  of  satarating 
100  parts  of  bile.  The  superacetate  of  lead  throws  down 
the  resin,  and  leaves  nothing  but  a  yellowish  liquid  ccm- 
iisting  of  the  salts  of  bile,  and  some  atonnt  of  a  peculiar 
animal  matter,  the  nature  of  which  was  not  ascertained. 
The  following  were  the  proportions  of  these  substances  ob- 
tained by  ^Fhenard  from  11 00  parts  of  human  bile : 

1000*0  water 

from  2  to  10  yellow  insoluble  matter, 
yellow  matter  in  solution,  a  trace* 
42*0  albumen. 
41*0  resin* 
5'6  soda. 

4*5  phosphate  of  soda,  sulphate  of  soda,  muriate  of 
soda,  phosphate  of  lime,  oxide  of  iron. 

Tlie  following  arc  the  constituents  which  Bcrzelius  found 
in  human  bile : 

Water 908*4 

Picromel 80-0 

Albumen 3-0 

Soda 4-1 

Phosphate  of  lime 0*1 

Common  salt S'4 

Phosphate  of  soda  with  some  lime  1  -0 

lOOOOt 


Conttita- 

CQtS. 


Mmd.  d'Arcueil,  i.  59. 


t  Djur  kemi^n,  il  48. 


CERUMfiN  or  THE  SAR.  588 

SECT.  XVI.  Chip.  II. 

*0F  THE   CERUMEN   OP  THE  EAR.  ^""V*— ^ 

Cerumen  is  a  viscid  yellow-coloured  liquid  secroted  by 
the  glands  of  the  auditory  canal,  which  gradually  becomes 
concrete  by  exposure  to  the  air.  For  all  the  facts  respecting 
its  composition  at  present  known,  we  arc  indebted  to  Four- 
croy  and  Vnuquelin,  especially  the  last,  who  analysed  a 
considerable  portion  of  it. 

It  has  an  orange-yellow  colour  apd  a  bitter  taste.  When  Propertiet. 
slightly  heated  upon  paper,  it  melts,  and  stains  the  paper 
like  an  oil ;  at  the  same  time  it  emits  a  slightly  aromatic 
odour.  On  burning  coals  it  softens,  emits  a  white  smoke, 
which  resembles  that  given  out  by  burning  fat ;  it  after^ 
wards  melts,  swells,  becomes  dark-coloured,  and  emits  an 
ammoniacal  and  empyreumatic  odour.  A  light  coal  remains 
behind. 

When  agitated  in  water,  cerumen  forms  a  kind  of  emul* 
sion,  which  soon  putrifies,  depositing  at  the  same  time  white 
jQakes. 

Alcohol,  when  assisted  by  heat,  dissolves  a  of  the  ceru-  Contains 
men;  the  i  which  remain  behind  have  the  properties  of *^^""*^"' 
albumen,  mixed  however  with  a  little  oily  matter.     "Wlien 
the  alcohol  is  evaporated,  it  leaves  a  deep-orange  residuum 
of  a  very  bitter  taste,  having  a  smell  and  a  consistence  ana- 
logous to  turpentine.     It  melts  when  heated,  evaporates  in 
a  white  smoke  without  leaving  any  residuum,  and  in  short 
resembles  very  strongly  the  resin  of  bile.     Ether  also  dis-  And  resin, 
solves  this  oily -body;  but  it  is  much  less  bitter  and  much 
lighter  coloured,     ^\llen  the  albummous  part  of  cerumen 
is  burnt,  it  leaves  traces  of  soda  and  of  phosphate  of  lime. 
From  these  facts  Vau(iuelin  considers  cerumen  as  composed 
of  the  following  substances : 

1.  Albumen.  4.  Soda.  Compwi- 

2.  An  inspissated  oil.  5.  Phosphate  of  lime.        **°"* 

3.  A  colouring  matter. 

The  presence  of  the  colouring  matter  is  inferred  from  the 
portion  taken  up  by  ether  being  less  coloured  than  that 
taken  up  by  alcohol.* 

•  Fourcroy,  ix,  373. 


5S4  PABT8  OF  AXnUUU 


BookV. 
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OF  TEAB8  AND  miCUS. 


1.  That  peculiar  fluid  which  is  employed  in  lobricaiing 
the  eye,  and  which  is  emitted  in  coiittderable  quantities 
when  we  express  grief  by  weeping,  is  known  by  ihe  name 
of  tears.  For  an  accurate  analysis  of  this  fluid  we  are  in- 
debted to  Messrs.  Fourcroy  and  Vaoquelin.  Befi>re  their 
dissertation,  which  was  published  in  1791,  appeared,  scarcely 
any  thing  was  known  about  the  nature  of  tears. 
^npct^m.  The  liquid  called  tears  is  tran^Nurent  and  colourless  like 
water;  it  has  scarcely  any  smell,  but  its  taste  is  always  per- 
ceptibly salt  Its  specific  gravi^  is  somewhat  greater  than 
that  of  distilled  water.  It  gives  to  paper  stained  with  the 
juice  of  the  petals  of  mallows  or  violet  a  permanently  green 
colour,  and  therefore  contains  a  fixed  alkali.*  It  unites 
with  water,  whether  cold  or  hot,  in  all  proportions.  Alka- 
lies unite  with  it  readily,  and  render  it  more  fluid.  The 
mineral  acids  produce  no  apparent  change  upon  it.f  Ex- 
posed to  the  air,  this  liquid  gradually  evaporates,  and  be- 
comes thicker.  When  nearly  reduced  to  a  stale  of  dryness^ 
a  number  of  cubic  crystals  form  in  the  midst  of  a  kind  of 
mucilage.  These  crystals  possess  the  prc^rties  of  muriate 
of  soda ;  l)ut  they  tinge  vegetable  blues  green,  and  therefore 
contain  an  excess  of  soda.  The  mucilaginous  matter  ac- 
quires a  yellowish-colour  as  it  dries.  J 

This  liquid  boils  like  water,  excepting  that  a  considera- 
ble froth  collects  on  its  surface.  If  it  be  kq)t  a  sufficient 
time  at  the  boiling  temperature,  -f^  parts  of  it  evaporate  in 
water,  and  there  remain  about  *04>  parts  of  a  yellowish- 
matter,  which  by  distillation  in  a  strong  heat  yields  water 
and  a  little  oil :  the  residuum  consists  of  different  saline 
matters.^ 

When  alcohol  is  poured  into  this  liquid,  a  mucilaginous 
matter  is  precipitated  in  the  form  of  large  white  flakes. 
The  alcohol  leaves  behind  it,  when  evaporated,  traces  of 
muriate  of  soda  and  soda.  The  'residuum  which  remains 
behind,  when  inspissated  tears  are  burnt  in  the  open  air, 

•  Fourcroy  and  Vauquelin,  Jour,  de  Phys.  szxiz.  256.      f  Ihid.  257. 
t  Ibid.  ^  Ibid, 
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exhibits  some  traces  of  phosphate  of  lime  and  phosphate  of  Chtp.lL 
soda.* 

Thus  it  appears  that  tears  are  composed  of  the  following 
ingredients : 


1.  Water. 

4.  Soda. 

Compoii" 

2.  Mucus. 

5.  Phosphate  of  lime. 

tioo. 

3.  Muriate  of  soda. 

6.  Phosphate  of  soda. 

• 

The  saline  parts  amount  only  to  about  0*01  of  the  whole^ 
or  probably  not  so  much. 

The  mucus  contained  in  the  tears  has  the  property  of  Propertiet 
absorbing  oxygen  gradually  from  the  atmosphere^  and  of  cfu^l"'*' 
becoming  thick  and  yisdd,  and  of  a  yellow  colour.  It  is 
then  insoluble  in  water,  and  remains  long  suspended  in  it 
without  alteration.  When  a  sufficient  quantity  of  chlorine 
is  poured  into  tears,  a  yellow  flaky  precipitate  appears,  ab- 
solutely similar  to  this  inspissated  mucilage.  The  chlorine 
loses  its  peculiar  odour;  hence  it  is  probable  that  oxygen 
has  united  to  the  mucilage.  The  pn^erty  which  this  mu« 
dlage  has  of  absorbing  oxygen,  and  of  acquiring  new  qua- 
lities, explains  the  changes  which  take  place  in  tears  which 
are  exposed  for  a  long  time  to  the  action  of  the  atmosphere^ 
as  is  the  case  with  those  persons  who  labour  under  a  fistula 
lachr}rmalis.f 

2.  The  mucus  of  the  nose  has  also  been  examined  by  Mucus  of 
Pourcroy  and  Vauquelin.  They  found  it  composed  of  pre-  ** 
cisely  the  same  ingredients  with  the  tears.  As  this  fluid  is 
more  exposed  to  the  action  of  the  air  than  the  tears,  in 
most  cases  its  mucilage  has  undergone  less  or  more  of  that 
diange  which  is  the  consequence  of  the  absorption  of  oxy- 
gen. Hence  the  reason  of  the  greater  viscidity  and  con* 
nstence  of  the  mucus  of  the  nose ;  hence  also  the  great 
eonsistence  which  it  acquires  during  colds,  where  the  action 
of  the  atmosphere  is  assisted  by  the  increased  action  of  the 
p«rt».t 

According  to  the  analysis  of  Berzelius,  the  constituents 
of  the  mucus  of  the  nose  are  as  follows : 

^  Fouicroy  and  Vaoquelin,  Jour,  de  Phjrs.  xxxix.  S6tf. 
t  Ibid.  %57.  t  Ibid.  259. 
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Witter 933-7 

Mucus 53-S 

Muriate  of  potash  and  soda 5*6 

Lactate  of  soda  with  animal  matter -. .  3*0 

Sotla 0-9 

Albumen  and  animal  matter  soluble  in  Wcitcr9"> 

but  insoluble  in  alcohol,  with  a  trace  ot'>  3'5 

phosphate  of  soda J 

1 000-0  ♦ 

-  The  mucus  of  the  nose  when  immersed  iu  water  imbibes 
so  much  as  to  become  transparentf  and  when  dried  on  blot- 
ting paper  loses  nearly  all  the  moisture  it  had  imbibed. 
This  may  be  repeated  as  often  as  we  please;  but  the  mucus 
gradually  assumes  a  yellow  colour.  Though  boiled  in 
water  it  docs  not  lose  its  mucilaginous  nature.  It  dissolves 
in  diluted  sulphuric  acid.  Nitric  acid  at  first  coagulates  it; 
but  if  the  digestion  be  continued,  the  mucus  is  at  last  dis- 
solved into  a  yellow  clear  liquid.  Acetic  acid  hardens  and 
dpes  not  dissolve  it  even  in  a  boiling  heat.  Caustic  alkali 
]:enders  it  at  first  more  viscid,  but  finally  dissolves' it  into  a 
dear  liquid.  Taimin  coagulates  iLf 
Exp^^-  The  matter  expectorated  from  the  lungs  and  bronchise 
might  be  sup|x>scd  to  be  mucilaginous ;  but  from  the  expe* 
rimcnts  on  it  by  Dr.  Pearson,  who  has  examined  it  with 
much  cure  and  ingenuity,]:  this  does  not  appear  to  be  the 
case.  Dr.  Pearson  distinguishes  seven  diiiereut  kinds  of 
expectorated  matter.  1.  The  jelly-like  scmitransf>arcQt 
kind  of  a  bluish  hue,  excreted  in  a  state  of  health ;  2.  The 
thin  mucilage-like  transparent  matter  so  copiousl}*  expecto- 
rated in  bronchial  catarrhs;  3.  The  thick  opaque  straw- 
coloured,  or  white  and  very  tenacious  matter,  coughed  up 
in  a  great  variety  of  bronchial  and  puhnonary  aflcctions, 
especially  in  that  of  tubercles ;  4.  Puriforui  matter,  secreted 
without  any  division  of  continuity  or  breach  of  surface  of 
the  bronchial  membrane,  very  commonly  occurring  in  pul- 
monary consumptions:  5.  The  matter  which  consists  of 
opaque  viscid  masses,  together  with  transparent  fluid ;  or 
the  second  sort  above  stated  with  nodules  of  the  third  and 

•  Annals  of  Philosophy,  ii.38S.  f  Berzelius,  ibid. 

I  Pearson  on  Expectorated  Matter.    Phil.  Trans.  1809. 
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fourth  kind;  6.  Pus  from  the  vomicae  of  tulu-TcIes ;  7.  Pus  Chap.  II. 
from  vomicuB  by  simple  influmniatibn  of  th(i  hmgs  and  with-  ^""•^^^^ 
out  tubercles. 

From  the  exporiirients  of  Dr.  Pearson,  it  appears  that  Compow- 
the  constituents  of  the  first  five  of  thesp  species  are  nearly 
the  same.  The  chipf  variation  is  in  the  proportions  of  the 
ingredients.  They  all  consist  of  ^tcr.  holding  in  solutiou 
a  quantity  of  albumen  or  animal.,q^ide  (as  Dr.  Pearson 
tenps  it),  coagulable  by  heat  and  by  the  usual  •chemicaL 
agenUi.  This  albumqn  is  combing  witli  ))otasb*  which  it, 
iieutraHizcs.  Tliis  .^Ibuuicq.^^motiin^  amounts  to  th^ 
twelfth  or  even  the  tcoth  of  ijbc  expectorated  matter ;. and. 
wheu  smallest  it  lis.  pever  l^s  than.,^^..  ,The  usual  pro?) 
poirtion  varies  frQm>Ti^th  to.  -gt^tli.  ,.  The  potash  varies 
between  ^  and  -{.thsof  a  pa^iju  lOOQ  of  the  expectorated 
matter.'. 

£j(pectorgtcditia(ter  yieldb  traces  of  sulphur,  and  perhaps 
also  of  phosphorus,. acid  it  contains. the  following  saline  sub- 
stances: l.,Muriate  jof  .soda,  ytirying  frojpn  i^  to  2^  in  the 
LOGO  of  expectorated  matter;  2;  Phosphate  ot  lime. about 
i  a  part  in  the  IQOO ; .  3..  Ammonia^imited  probably  to  phos- 
phoric acid;  4.  A  phosphate  probably  of  magnesia;  5.  Car- 
bonate of  lime ;  6w  iL -sulphate ; .  7^  Vitrifiablc  matter  proba- 
bly silica ;  8.  Oxide  of.  iron.  .  The  whole  of  these  last  six 
substances  scarcely  amounts  to  one  part  in  the  1 000  of  ex- 
pectorate matter.  " 

The  proportion  of  saline  matter  and  of  albumen  present 
in  expectorated  matter  varies  much  in  different  circum- 
stances. The  thicker  it  is  in  general  the  smaller  is  the  quan- 
tity of  saline  matter ;  whereas  when  very  thin  it  is  often  im- 
pregnated with  salts,  especially  with  muriate  of  soda  to  a 
great  degree^  and  tastes  distinctly  salt  and  hot. 


*  Dr.  Pearson  thinks  that  tlie  alkali  in  animal  fluids  is  not  soda,  as 
lasJmltetabQea'sttppAsody  but  potash.  lie  has  found  tliis  to  be  the 
culQ  id  Wood,  dropey  fluilt,  pus,  liquid  from  blistoi*5,  urine,  and  mucus  of 

* 
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Book  V.  SECT,  xvm. 

LIQUOR  or  THE  PERICARDIUM. 

This  is  a  liquor  which  lubricates  the  heart  It  has  been 
examined  by  Dr.  Bostock,  having  being  obtained  fix>m  the 
pericardium  of  a  boy  who  had  died  suddenly.* 

It  had  the  colour  and  appearance  of  the  serum  of  the 
blood.     Evaporated  to  dryness,  it  left  a  residue  amountii^ 
to  -jipth  of  its  weight.     When  esqposed  to  the  heat  of  boiling 
water,  it  became  opaque  and  thready.    It  was  copiously 
precipitated  by  corrosive  sublimate  before  boiling;   but 
when  boiled,  evaporated  to  dryness  and  redissolved,  the 
solution  was    not  afiected  bj  this  salt      These  experi- 
ments show  us  that  it  contained  albumen.    When  satiH 
rated  with  corrosive  sublimate^  infusion  of  galls  produced 
no  efiect,  indicating  the  absence  of  gdatin.    It  was  oofH* 
ously  precipitated  by  subacetate  <^  kad,  even  after  b^ 
ing  boiled  to  dryness  and  the  residue  redisscdved  in  water. 
Nitrate  of  silver  indicated  the  presence  of  muriatic  acid. 
Dr.  Bostock,  fit>m  his  experimentsi  considers  it  as  com- 
posed of 

Water 9M 

Albumen    5*5 

Mucus    S'O 

Muriate  of  soda  ...    0*5 


100*0 


SECT.  XIX. 

OF  THE  HUMOURS  OF  THE  EYE. 


Scracmre        The  eye  is  one  of  the  most  delicate  and  complicated 

of  the  C3re.f  Qj^ggns  in  the  body ;  at  the  same  time  its  structure,  and  the 

uses  of  its  parts,  are  better  understood  than  almost  any  of 

the  other  instruments  of  sensation.     It  is  composed  of  se^ 

veral  concentric  coats,  which  have  not  been  chemicaUy 


NichoUoo's  Jottr.  xir.  147. 


examitied ;  but,  from  the  experiments  of  Hatchett  on  aimi-  Chap.  il 
lar  substances,  we  may  consider  it  as  probable  that  they  pos-  """"v*"^ 
sess  the  properties  of  coagulated  albiunea-    The  internal 
part  of  the  eye  is  chiefly  filled  with  three  transparent  sub- 
stances, which  have  been  called  humours  by  anatomists; 
namely,  1.  The  aqueous  humour j  immediately  behind  the 
cornea;  2.  Tlie  crysialUne  hunumr  or  lens;  and,  3.  The 
vitreous  humour ^  behind  the  lens,  and  occupying  the  great-. 
est  part  of  the  eye.     We  knew  scarcely  any  thing  of  the 
chemical  properties  of  these  humours  till  Mr.  Chenevix  pub- 
lished an  analysis  of  them  in  the  Philosophical  Transac- 
tions for  1802.     Since  that  time  an  analysis  of  them  has  ' 
likewise  been  published  by  Nicholas,*  and  by  Berzeliu8.t 

I.  Most  of  the  experiments  of  Chenevix  were  made  upon  Eye  of 
the  eyes  of  sheep,  as  most  easily  procured.    He  afterwards  *^^^' 
tried  the  properties  of  humours  from  the  eyes  of  other 
animals. 

1.  The  aqueous  humour  of  the  ey0  of  the  sheqp  ia  a  clear  Aqueous 
transparent  liquid  like  water,  which  has  very  little  smell  or  ^*^^"'* 
taate  when  fresh.    Its  specific  gravity  is  1*0090  at  the  tem* 
perature  of  60^ 

It  scarcely  alters  vegetable  blues  when  fresh.f  When 
oxposed  to  the  air  it  evaporates  slowly,  and  becomes  sli^tly 
putrid.  When  boiled  a  very  alight  coagulum  is  formedf 
When  100  parU  are  evaporated  to  dryness,  they  leave  eight 
parts  of  residuum.  Tannin  occasions  a  precipitate  in  it  both 
before  boiling  and  after  it  Nitrate  of  silver  occasions  f^  pre- 
cipitate of  muriate  of  silver ;  but  no  precipitate  is  produced 
by  other  metallic  salts.  Hence  it  appears  that  the  aqueous 
humour  is  water  slightly  impregnated  with  the  following 
substances : 

1,  Albumeo^ 

2.  Gelatin. 

S.  Muriateof soda. 

Fpr  Mr.  Chenevix  found  that  the  muriatic  acid  was  in  con^ 
bmation  with  soda.  Nicholas  has  likewise  detected  a  little 
phosphate  of  lime  hi  it. 

Its  constituents  according  to  the  analysis  of  Berzdi^Sy 

•  Aon.  de  Chim.  liii.  307.  t  AnnaU  of  Philosophy,  ii.  885. 

t  Nicholas  fboxui  tbst  it  tuned  paper  stidned  with  the  petals  of  the    • 
inalUiw  tog^een. 

VOL.  IV.  8m 
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cWater.,..: ..r.^ 98*10 

Albumen • Trace 

Muriates  and  lactate 1  '15 

Soda  with  animal  matter  soluble  only  in  water . .    0*75 

100*00 

Vitreous         2.  Tlie  vitreous  matter  possesses  the  very  same  pn^ier- 
humour.     ^^  ^  ^^  aqueous;  even  its  specific  gravity  is  the  same^  or 

only  a  very  little  greater.    Its  constituoits  according  to  the 

analysis  of  Berzelius,  are 

Water 9840 

Albumen 0-16 

Muriates  and  lactates 1*43 

Soda  with  animal  matter  solubleonly  in  water  •  •    (H)2 

100-00 

8.  The  crystalline  lens  is  solid:  densest  in  the  centrci 
and  becoming  less  solid  towards  the  circumference.  It  is 
composed  of  concentric  coats,  and  is  tranqMUient.  Its  qie- 
cific  gravity  is  1*1000.  When  fresh  it  has  httle  taste.  It 
putrifies  very  rapidly. 

It  is  almost  completely  soluble  in  water.  The  soluticm 
is  partly  coagulated  by  heat,  and  gives  a  copious  precipitate 
with  tannin  both  before  the  coagulation  and  after  it.  It 
gives  no  traces  of  muriatic  add.  Its  composition  according 
to  the  analysis  of  Berzelius,  is  as  follows : 

Water    58 

Peculiar  matter 35-9 

Muriates,  lactates,  and  animal  matter,  soluble^     p.. 

in  alcohol J 

Animal  matter  soluble  only  in  water  with  somel      ,.« 

phosphates j 

Portions  of  the  remaining  insoluble  ccdlularl 

membrane j 

100-0 

The  peculiar  matter  of  the  lens  possesses  all  the  chemical 
characters  of  die  colouring  matter  of  the  blood,  except  co- 
lour. When  burnt  it  leaves  a  little  ash  containing  a  very 
small  portion  of  iron.  When  its  solution  in  water  is  coa- 
gulated by  boiling,  the  liquid  in  which  the  coagulum  was 
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fonned  reddens  litmus,  has  the  smell  of  the  humours  of  Chip.  IL 
the  muscles,  and  like  them  contains  free  lactic  acid.*  ^"— v*^ 

IL  The  humours  of  the  human  eye  are  composed  of  the  (iuman 
same  ingredients  as  those  of  the  sheep ;  the  only  perceptible  ^^* 
difierence  consists  in  their  specific  gravity.     The  specific 
gravity  of  the  human   aqueous  and  vitreous  humours  is 
1  '0058 ;  that  of  the  crystalline  1  *0790. 

III.  The  humours  of  tlie  eyes  of  oxen  resemble  those  of  Eye  oc 
the  sheep  in  their  composition.     The  specific  gravity  of  the  ^^^^* 
aqueous  and  vitreous  humours  is  1*0088;  that  of  the  crys- 
talline 1-0765. 

From  these  three  sets  of  experiments  Mr.  Chcnevix  has 
drawn,  as  a  probable  conclusion,  that  the  difierence  between 
the  density  of  the  aqueous  and  crystalline  humours,  and 
that  of  the  crystalline,  is  in  the  inverse  ratio  of  the  diame* 
ter  of  the  eye,  taken  from  the  cornea  to  the  optic  nerve. 

The  crystalline  of  the  ox  weighed  30  grains.  When  the 
whole  of  it  was  pared  away  except  the  six  grains  in  the 
centre,  the  specific  gravity  was  found  to  be  l'194.t 

IV.  Mr.  Chenevix,  in  his  paper,  makes  no  mention  of  Eye  of 
the  eyes  of  birds ;  but  Sir  H.  Davy  published  an  abstract  of  ^"**'* 
it  in  the  first  volume  of  the  Journal  of  the  Royal  Institu- 
tion. He  there  states  that  Mr.  Chenevix  found  the  hu- 
jmours  of  the  eyes  of  birds  composed  of  the  same  constitu- 
ents as  the  eyes  of  other  animals;  but  that  he  found  at  the 
same  time  the  specific  gravity  of  the  vitreous  humour  in 
these  animals  greater  than  the  specific  gravity  of  the  crys- 
talline. { 

V.  A  curious  set  of  experiments  has  been  made  by  Leo- 
pold Gmelin  on  the  black  pigment,  which  lines  the  choroid 
coat  of  the  eye.  From  500  eyes  of  oxen  and  calves  he 
collected  75  grains  of  this  substance.  Its  colour  is  blackish 
brown.  It  is  tasteless,  and  adheres  to  the  tongue  like  clay. 
It  is  insoluble  in  water,  alcohol,  ether,  oils,  lime  water,  and 
distilled  vinegar.  It  dissolves  in  potash  and  ammonia  when 
assisted  by  heat,  and  is  again  precipitated  by  acids.  Sul- 
phuric acid  dissolves  it  and  acquires  a  black  colour.  Mu- 
riatic acid  forms  only  an  imperfect  solution.     Nitric  acid 

•  Berzeliusy    ^nnalof  Philosophy,  ii.  385. 

+  See  Phil.  Trans.  1809,  and  Phil.  Mag.  xvi.  268. 

i  Jour,  of  tha  Hoyal  Instit.  i.  297. 
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4M)7  tohibriotB^thi-pMij  vni  t»  Mlibte  Arfroigiliiij 
1^  ligmd  it  kseWD  wmamg  inrtiMiili  fey  Cbe  liiidM^ 


'  Wlwdier  it  lie  the  same  in  different  animals,  or  even  Jn  aU 
tks  diffimnt  joints  of  th^  tamo  nnimal,  has  not  b«cn  deter- 

'  ;|iliiMd,  M  DO  accurate  finnlysis  of  tbesinona  oC  diflerent 
JMJpiah  hl»  fatyn  nttcmpLerl .  l^ie  only  analysis  ofsinovM 
m^ch  im  Bthnto  n})[w:iri-<]  is  that  bv  ^(^.  Mar^iiKron, 
Hud  was  ptftAdMd  fa  Ae  14tii  lAnwIm  dt  this  jfawafai  dir 
Cfemni  HeiJi«deiMe(^«Mna<ibtBiMd'Q<(Mi  ibfe  jalHi 
of  the  lower  extremities  of  oxen. 

r  The  sinovia  of  the  ox,  when  it  has  jmt  Sowed  from  tfie 
joint,  is  &  viscid  semitrairqwrent  fluid,  of  a  greeni^wfaHs 
colour,  and  a  smell  not  unlike  frog-spawn.  It  very  looa 
acquires  the  con9istt:nce  of  jelly;  and  this  hqipens  ecpslly 
whether  it  be  kept  in  a  coM  or  a  hot  tanperatne,  whetbw 
it  be  exposed  to  the  air  or  excluded  frtMi  it.  Tbia  oonsial- 
ence  does  not  continue  long;  the  sinovia  soon  reoonnagaia 
ilB  fluidity,  and  at  the  same  time  deposits  a  tJiready4ike 
matier.t 

Sinovia  mixes  readily  with  water,  and  inqiarts  to  that 

'  liquid  a  great  deal  of  viscidity.  The  mixture  froths  when 
Imitated ;  becomes  milky  when  boiled,  and  deponts  soma 
pcUides  <m  the  sides  of  the  dish ;  but  its  vtscidily  is  not  A- 
nuQisbed.t 

*  Schweiggn's  Jour.  x.  507. 

t  Mu^iMroii,  Abb.  dsCblai.  xIt.  1S4.  )  Ibid.  p.  130. 
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When  alcohol  is  poured  into  sinovia^  a  white  subetence  Ckap.  II. 
precipitates^  which  bos  all  the  properties  of  albunien.     One  ^j^TP^ 
hundred  parts  of  sinovia  contain  4*52  of  albumen.     The  albumen^ 
liquid  still  continues  as  viscid  as  ever ;  but  if  acetic  acid  be 
poured  into  it,  tlie  viscidity  disappears  altogether,  the  liquid 
becomes  transparent,  and  deposits  a  quantity  of  matter  in 
white  threads,  which  possesses  the   following  properties: 
1.  It  has  the  colour,  smell,  taste,  and  elasticity  of  vegetable  And  a  fi- 
gluten.      2.  It  is  soluble  in  concentrated  acids  and  pure  ^"J*"*  "^ 
alkalies.     3.  It  is  soluble- in  cold  water ;  the  solution  froths. 
Acids  and  alcohol  precipitate  the  fibrous  matter  in  flakes. 
One  hundred  parts  of  sinoria  contam  11*86  of  this  matter.  • 

When  the  liquid,  after  these  substances  have  been  sepa- 
rated from  it,  is  concentrated  by  evaporation,  it  deposits 
crystals  of  acetate  of  soda.  Sinovia,  therefore,  contains 
soda.  Margueron  found  that  100  parts  of  sinovia  contained 
about  0*71  of  soda. 

When  strong  sulphuric,  muriatic,  nitric,  acetic,  or  sul- 
phurous acid  is  poured  into  sinovia,  a  number  of  white 
flakes  precipitate  at  first,  but  they  are  soon  redissolved, 
and  the  viscidity  of  the  liquid  continues.  When  these  acids 
are  diluted  with  five  times  their  weight  of  water,  they  dimi- 
nish the  transparency  of  sinovia,  but  not  its  viscidity  ;  but 
when  they  are  so  much  diluted  that  their  acid  taste  is  just 
perceptible,  they  precipitate  the  peculiar  thready  matter, 
and  the  viscidity  of  the  sinovia  di8appeaFs.t 

When  sinovia  is  exposed  to  a  dry  atmosphere,  it  gra-  And  nlta. 
dually  evaporates,  and  a  scaly  residuum  remains,  in  which 
cubic  crystals,  and  tlie  white  saline  efflorescence  are  ap- 
parent The  cubic  crystals  are  muriate  of  soda.  One 
hundred  parts  of  sinovia  contain  about  1*75  of  this  salt 
The  saline  efflorescence  is  carbonate  of  soda.^ 

Sinovia  soon  putrifies  in  a  moist  atmosphere,  and  during 
the  putri&ction  ammonia  is  exhaled.  When  it  is  distilled 
in  a  retort,  there  comes  over  first,  water,  which  soon 
putrifies;  then  water  containing  ammonia;  then  empy- 
yeumatic  oil  and  carbonate  of  ammonia.  From  the  resi- 
duum muriate  and  carbonate  of  soda  may  be  extracted  by 
liziviation.    The  coal  contains  some  phosphate  of  lime.  J| 

• 

*  Mugneroo,  Ann.  dn  Qum.  xiv.  1S6, 130(.  f  Ihid.  p.  127. 

}  Ibid.  p.  125.  f  IbkL  f .  1S8. 
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From  the  analysis  of  Mr.  Mai^gueron,  it  appears  that 
iinovia  is  composed  of  the  following  ingredients: 

Compoti-                       Fibrous  matter 1 1*86 

****"•                              Albumen 4-52 

Muriate  of  soda 1*75 

Soda -71 

Phosphate  of  lime '70  • 

Water    80-46 


100-00 


Gouty  con-  How  far  the  sinovia  of  the  human  body  resembles  that 
of  oxen  it  is  impossible  to  say.  The  following  &ct  renders 
it  probable  that  it  either  contains  different  ingredients,  or 
is  liable  to  alteration  from  disease.  Concretions  often  form 
in  the  joints  of  gouty  people^  and  make  their  way  through 
the  skin.  These,  in  common  language,  are  called  chalk-' 
stones.  Dr.  Wollaston,  Dr.  Pearson,  and  Mr.  Teunant 
analysed  some  of  them,  and  found  them  composed  of  urate 
of  soda,  f  This  analysis  has  been  repeated  by  Fourcroy,  and 
confirmed. :(  It  is  doubtless  this  fact  that  has  induced  Four- 
croy to  conjecture  that  uric  acid  forms  a  constituent  part  of 
sinovia.  $ 


SECT.  XXL 

OF  SEMEN. 


The  peculiar  liquid  secreted  in  the  testes  of  males,  and 
destined  for  the  impregnation  of  females,  is  known  hy  the 
name  of  semen.  The  human  semen  and  the  melt  of  fresh 
water  fishes  alone  have  hitherto  been  subjected  to  chemical 
analysis,  ^^othing  is  known  concerning  the  seminal  flmd 
of  other  animals.  ] .  Vauquelin  published  an  analysis  of 
the  human  semen  in  1791. 
Properties.       Semen,  when  newly  ejected,  is  evidently  a  mixture  of 

*  Mr.  Hatchctt  found  only  0*208  of  phosphate  of  lime  in  the  sinovia 
which  he  examined.  He  found,  however,  traces  of  some  other  phos- 
phate ;  probably  phosphate  of  soda.     Phil.  Trans.  1799,  p.  246. 

f  Jour,  de  Phys.  x\r,  399.  t  Fourcroy,  x.  267. 

i  Ibid.  is.  ^24. 
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two  difierent  sobfitanceB :  the  one  fluid  imd  milky/  which  is  Chap,  ii.^ 
supposed  to  be  secreted  by  the  prostate  gland ;  the  other, 
which  is  considered  as  the  secretion  of  the  testes,  is  a  thick 
mucilaginous  substance,  in  which  numerous  white  shining 
filaments  may  be  discovered.*  It  has  a  slight  disagreeable 
odour,  an  acrid  irritating  taste,  and  its  specific  gravity  is 
greater  than  that  of  water.  When  rubbed  in  a  mortar  it 
becomes  frothy,  and  of  the  consistence  of  pomatum,  in 
consequence  of  its  enveloping  a  great  number  of  air-bubbles. 
It  converts  paper  stained  with  the  blossoms  of  mallows  or 
violets  to  a  green  colour,  and  consequently  contains  an 
alkali.f 

As  the  liquid  cools,  the  mucilaginous  part  becomes  trans- 
parent, and  acquires  greater  consistency;  but  in  about 
twenty  minutes  after  its  emission,  the  whole  becomes  per- 
fectly liquid.  This  liquefaction  is  not  owing  to  tlie  absorp- 
tion of  moisture  from  the  air,  for  it  loses  instead  of  ac- 
quiring weight  during  its  exposure  to  the  atmosphere ;  nor 
is  it  owing  to  the  action  of  the  air,  for  it  takes  place  equally 
in  dose  vessels.  ^ 

Semen  is   insoluble    in   water  before  this  spontaneous 

liquefaction,    but    afterwards    it    dissolves    readily   in  it. 

When  alcohol  or  chlorine  is  poured  into  this  solution,  a 

number  of  white  flakes  are  precipitated.§     Concentrated 

alkalies  facilitate  its  combination  with  water.    Acids  readily 

dissolve  the  semen,  and  the  solution  is  not  decomposed  by 

alkalies ;  neither  indeed  is  tlie  alkaline  solution  decomposed 

by  acids.  II 

Lime  disengages  no  ammonia  from  fresh  semen ;  but  after 

that  fluid  has  remained  for  some  time  in  a  moist  and  warm 
atmosphere,  lime  separates  a  great  quantity  from  it.  Con- 
sequently ammonia  is  formed  during  the  exposure  of  semen 
to  the  air.** 

When    chlorine    is  poured  into  semen,  a  number   of  contaim 
white  flakes  precipitate^   and  the  acid  loses  its  peculiar  mwcilagc, 
odour.     These  flakes  are  insoluble  in  water,  and  even  in 
acids.     If  the  quantity  of  acid  be  suflicient,  tlie  semen  ac- 
quires a  yellow  colour.    Thus  it  appears  tliat  semen  con- 
tains a  mucilaginous  substance  analogous  to  that  of  the 

•  Vauquelin,  Ann.  de  Chim.  ix.  64.  +  Ibid.  p.  65. 

t  IbkL  p.  e6.  S  Ibid.  p.  70.  H  Ibid.  p.  71. 

••  Ibid.  p.  71. 
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PAKTir  «r  imUALS. 
fptti^'  whlth  «Baj(uht*a  bj  mbinriiinfr  oxTgm.     Mr.  V«»- 
<|udin  obtAi(H?d  ftvm  lOOparuiif  6«mcn  tix  pnrtRof  this 

■\Vh«)  », men  is  rxponnl  to  the  iiir  nbout  the  temperature 
of  60°,  it  IxcomflB  f^nutiially  towred  with  a  tran&parcHt 
p«llide,  and  in  three  or  four  i\tty%  dejwsitfr  srnnll  tran»))sr«nt 
crvitUils,  tiften  crosdinf;  each  oihcr  in  snch  a  manner  as  to  re- 
pwaent  the  epokct  of  a  wheel.  These  crvstals,  when  *-iewed 
through  a  niicrpwopc,  Rpprar  to  be  four-sided  prisma, 
terminnted  hy  very  lonjj  (bur-sJdt-d  pyrsniid».  They  may 
be  eepuraled  hy  diluting  the  liquid  with  water,  and  decant- 
ing it  <jff  They  have  all  the  properlie*  of  phosphate  of 
Bme.*  If,  afterlJir  iippewMiWOf  theaecryslala,  the  semen 
be  Ktill  nJIuueti  tOTcniKhi  e^cpofled  to  the  ati»oephcr(\  the 
pellick-  on  lU  Hurfaee  gnulually  thickens,  and  a  number 
of  while  round  bodies  appear  on  difllercnt  parisofit.  Tt>e«e 
bodice  also  arc  phosphate  of  lime,  prevented  from  crj'sial- 
Jizinjj  regularly  by  the  too  rapid  abstraction  of  moisture. 
Mr.  S'auqaelin  found  that  100  parts  of  eemen  eontnin  three 
parts  of  phosphate  of  lime.t  If  at  this  period  of  the  eva- 
poration the  air  becomes  moist,  other  crj'stals  ^)pear  in 
the  eemen,  which  have  the  properties  of  carbonate  of  soda. 
The  emporslion  doea  aoc  gs  on  to  complete  couiccMioDt 
unlew  at  the  temperatuR  of  77°)  and  wbcm  Ae  «ir  is  very 
(by.  Wli«n  aU  the  UKUMiire  it  evaportfed,  the  Mown  hm 
lost  0-9  of  its  weiffht ;  the  raidatiin  it  ae^traaBpattat  lik* 
bom,  and  britttfr.| 

When  semen  is  kept  in  very  m<uat  air,  at  the  teaycratiirt 
of  abotit  77°f  it  acquires  a  jdknr  colour,  Vke  duU  of  ibe 
yolk  of  an  egg;  its  taste  becomes  acid,  it  esJiales  the  odoa> 
of  putrid  fish,  and  its  ■ai'bee  is  «overed  witb  abnndaaee  tt 
the  bgssui  s^>ti€a.f 

When  dried  semen  is  exposed  to  heat  in  a  cracible,  it 
melts,  acquires  a  browa  colour,  aod  exhales  a  yellow  fimi^ 
having  the  odonr  of  bunit  horn.  Wben  the  heat  is  immidy 
the  matter  nwdla,  becoraca  Mack,  and  gives  out  a  strong 
odonr  of  ammonia.  When  tbe  odtwr  of  ammonia  dissfv 
pears,  if  the  matter  be  lixiviated  with  wata*,  an  tUUins 
Bcdutton  may  be  ohained,  whit^  by  evapenitioD,  >i^ 


•  V>iiqMli%  *aa.4sCh)ia.iaill7Mi». 
t  Ibid.  ^  OS. 


+  Bud.  ^48. 
^lbtd.f.H. 
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eryitak  of  cailxmftte  of  toda.    Mr.  Vauqaeliii*  found  that  Cbip.  li 
100  parts  of  semen  contain  one  part  of  soda.*    If  the  re- 
siduum be  incinerated,  there  will  remain  only  a  quantity  of 
white  ashes^  consisting  of  phosphate  of  lime. 

Thus  it  appears  that  semen  is  composed  of  the  follow- 
ing ingredients:  ^^^ 

Water 90 

Mucilage • 6 

Phosphate  of  lime 3 

Soda    1 


100 


11.  Fourcroy  and  Vauquelin  published  a  set  of  expert-  Milt  of 
ments  on  the  milt  of  the  carp  in  Uie  year  1807»t  ^^^"^  which  ^'  ^*^* 
it  appears  that  the  nature  and  composition  of  this  substance 
is  dU9Porent  from  that  of  every  other  hitherto  examined. 
The  milt  of  this  fish,  as  is  well  known,  has  a  whitish  colour, 
a  soft  consistence,  a  greasy  feel,  and  a  smell  similar  to  that 
offish.  It  is  neither  acid  nor  alkaline.  When  triturated  with 
potash  no  ammoniacal  odour  is  exhaled,  and  it  forms  with 
the  alkali  a  tliick  magma.  Thirty  parts  of  milt  mixed  with 
six  parts  of  potash,  and  a  sufficient  quantity  of  water,  and 
distilled,  yielded  only  traces  of  ammonia,  coming  obviously 
from  some  muriate  of  ammonia,  which  exists  naturally  in 
the  milt.  When  milt  is  dried  slowly  in  a  moderate  heat  it 
loses  -J-ths  of  its  weight,  becomes  yellow  and  brittle.  When 
heated  in  a  platinum  crucible  it  softens  and  then  melts, 
exhaling  yellow  vapours  having  the  smell  of  animal  oiL 
The  diarcoal  formed  contains  a  notable  quantity  of  uih 
combined  phosphoric  acid,  together  with  some  phosphate 
flf  lime  and  phosphate  of  magnesia.  As  the  acid  did  not  Containt 
txist  in  the  milt  it  must  have  been  formed  during  the  com-  P'^^'^P^^ 
bnation ;  and  hence  it  follows  that  milt  contains  a  notable 
quantity  of  phosphorus  as  a  constituent. 

One  hundred  and  twenty-three  parts  of  fresh  milt,  cau- 
tiously distilled  in  an  earthen-ware  crucible,  gradually 
heated  to  whiteness,  furnished  the  following  products: 
1.  A  great  deal  of  colourless  water  holding  in  soluticm  car* 
bonatc  of  ammonia,  a  good  deal  of  prussiate  of  ftwiTOoniai 

•  Aim.  deChiia.  is.  75w  f  Ibid.  t^.  a. 


BookV.  and  traces  bf^nrarike  of  ammonia;  2.  A  tfa&tparent  o3 
slightly  yellow ;  3.  A  fluid  Mood-red  ml ;  •  4.  A  thidc 
blackish-brown  oil ;  5.  Crystals  of  carbonate  and  pmssiate 
of  ammonia;  6.  A  quantity  of  phoqphoms;  7.  A  small 
quantity  of  carbonic  acid  and  heavy  inflammable  air.  The 
charcoal  remaining  in  the  retort  amounts  to  T-J-  parts,  and 
contains  no  disengaged  phosphoric  acid. 

When  milt  is  triturated  in  distilled  water  a  white  opaque 
liquid  is  obtained,  which  does  not  become  transparent 
though  passed  through  the  filter.  When  the  liquid  is 
boiled  an  albuminous  matter  coagulates;  and  if  the  reu- 
duary  liquid  be  evaporated  sufficiently  it  gelatinizes;  a 
proof  that  it  contains  gelatin.  Alcohol  digested  on  milt 
dissolves  a  substance  which  possesses  the  properties  of 
animal  soap.  When  it  is  separated  the  milt  becomes  dry 
and  harsh  to  the  feel ;  a  proof  that  its  nnctuoaity  was  owing 
to  the  presence  of  the  animal  soap. 
Contdttt-  Thus  it  appears  that  milt  contains  albumen,  gelatin, 
phosphorus,  phosphate  of  lime,  phosphate  of  magnesia, 
and  muriate  of  anmionia. 


SECT.  XXII. 

OF  THE   LIQUOR   OF  THE   AMNIOS. 

The  fcetus  in  the  uterus  is  enveloped  in  a  peculiar  man* 
branous  covering,  to  which  anatomists  have  given  the  name 
o(  amnios.  Within  this  amnios  there  is  a  liquid,  distin- 
guished by  the  name  of  the  liquor  of  the  amnios^  which 
surrounds  the  foetus  on  every  part  This  liquid,  as  might 
have  been  expected,  is  very  different  in  difl^rent  aniroak ; 
at  least  the  liquor  amnii  in  women  and  in  cows,  which  alone 
have  hitherto  been  analised,  have  not  the  smallest  resem- 
blance to  each  otlier.  These  two  liquids  have  been 
analysed  by  Vauquelin  and  Buniva,  and  the  result  of  their 
analysis  has  been  published  in  the  SSd  volume  of  the  Anna,' 
les  de  Chitnie. 
ttqaorof  1.  The  liquor  of  the  amnios  of  women  is  a  fluid  of  a 
slightly  millqr  colour,  a  weak  pleasant  odour,  and  a  saltish 

3 


the  humtn 


lisle.     The -white  colour  is   owing  to  a;Qiirdy   matter  Chap.lL 
suspended  in  it,  for'  it  may  be  obtained  quite  transparent  ^"""V"*^ 
by  filtration.*  /  ? 

Its  specific  gravity  is  1*005.  It  gives  a  green  colour  to 
the  tincture  of  violets,  and  yet  it  reddens  very  decidedly 
the  tincture  of  turnsole.  These  two  properties  would 
indicate  at  once  the  presence  of  an  add  and  of  an  alkalL 
It  froths  considerably  when  agitated.  On  the  application 
of  heat  it  becomes  opaque,  and  has  then  a  great  resem- 
blance to  milk  diluted  with  a  large  quantity  of  water.  At 
the  same  time  it  exhales  the  odour  of  boiled  white  of  egg.f 

Acids  render  it  more  transparent.  Alkalies  precipitate 
an  animal  matter  in  small  flakes.  Alcohol  like^'ise  pro- 
duces a  flaky  precipitate^  which,  when  collected  and  dried, 
becomes  transparent  and  very  like  glue.  The  infusion  of 
nutgalls  produces  a  very  copious  brown-coloured  precipi- 
tate. Nitrate  of  silver  occasions  a  white  precipitate,  which 
is  insoluble  in  nitric  acid,  and  consequently  is  muriate  of 
silver.^ 

When  slowly  evaporated,  it  becomes  slightly  milky,  a 
transparent  pellicle  forms  on  its  sur&ce,  and  it  leaves  a 
residuum  which  does  not  exceed  0*012  of  the  whole.  By 
lixiviating  this  residuum,  and  evaporating  the  ley,  crj'staU 
of  muriate  and  carbonate  of  soda  may  be  obtained,  llie 
remainder,  when  incinerated,  exhales  a  fetid  and  amme- 
niacal  odour,  resembling  that  of  burning  horn ;  tlie  ashes 
consist  of  a  small  quantity  of  carbonate  of  soda,  and  of 
phosphate  and  carbonate  of  lime.§ 

Thus  we  see  that  the  liquor  of  the  human  amnios  is  Compoii. 
composed  of  about  .  ^**°* 

Water 98'8 

Albumen  *J 

Muriate  of  soda,  soda  >   1*2 


Phosphate  of  lim^  lime 


1000 


While  the  foetus  is  in  the  uterus,  a  curdy-like  matter  is  Curdy  mat- 
deposited  on  the  surface  of  its  skin,  and  in  particular  parts  1"^*^"' 
of  its  body.    This  matter  is  often  found  collected  in  con-  tcetas. 

•  Aon.  deChim.  xxxiii.  370.  "^  Ibid  p.  971. 

t  Ibid.  p.  871.  Ibid.  p.  272. 


MO  FAftTt  OF  AMlllALa. 

BMkV.   ndetthU  quantities,    k  is  evickntlj  deposited  from  the 

^*v"*^  liquor  of  the  amnios;  and  conseqnentl/  the  knowledge  of 

its  peculiar  nature  must  throw  considerable  I%bt  upon  the 

properties  and  use  of  that  liquor.    For  an  analysis  of  this 

substance  we  are  also  indebted  to  Vauqoelin  and  Buniva. 

Its  colour  is  white  and  brilliant;  it  has  a  soft  ieel,  and 
very  much  resembles  newly  prepared  soap.  It  is  insoluble 
in  water,  alcohol,  and  oils.  Pure  alkalies  dissolve  part  of  it^ 
and  form  with  it  a  kind  of  soap.  On  burning  coab  it  de- 
crepitates like  a  salt,  becomes  dry  and  black,  exhales  vapours 
which  have  the  odour  of  empyreumatic  oil,  and  leaves  s 
residuum  which  is  very  difficultly  reduced  to  ashes.  When 
heated  in  a  platinum  crucible  it  decrepitates,  lets  an  oil 
«xude,  curls  up  like  horn,  and  leaves  a  residuum,  oonsisting 
chiefly  of  carbonate  of  lime.* 

These  properties  show  that  this  matter  is  different  finom 
every  one  of  the  component  parts  of  the  liquor  of  the 
amnios,  and  that  it  has  a  great  resemblance  to  the  fat.    It 
is  probable^  as  Vauquelin  and  Buniva  have  conjectured, 
that  it  is  formed  from  the  albumen  of  that  liquid,  which 
has  undergone  some  unknown  changes.    It  has  been  kmg 
known  that  the  parts  of  a  fcetus,  which  has  lain  for  some 
time  after  it  had  been  deprived  of  life  in  the  uterus,  are 
sometimes  converted  into  a  kind  of  fatty  matter.    It  is 
evident  that  this  substance,  after  it  is  deposited  upon  the 
skin  of  Che  fcetus,  must  preserve  it  in  a  great  measure  from 
being  acted  upon  by  the  liquor  of  the  amnios. 
Uqaor  of        2.  The  liquor  of  the  amnios  of  the  cow  f  has  a  viscidit)' 
^If^^^*^^  similar  to  mucilage  of  gum  arabic,  a  brownisIi*red  colour, 
an  acid  and  bitter  taste,  and  a  peculiar  odour,  not  uoh'ke 
that  of  some  vegetable  extracts.     Its  specific  gravity  is 
1*028.     It  reddens  the  tincture  of  turnsole,  and,  therefore, 
contains  an  acid.     Muriate  of  barytes  causes  a  very  abun- 
dant precipitate,  which  renders  it  probable  that  it  contains 
sulphuric  acid.     Alcohol  separates  from  it  a  great  quantity 
of  a  reddish-coloured  matter.^ 


*  Ann.  deChim.  xzxtti.  374. 

•f  A  niioute  account  of  the  liquor  amnii,  and  of  the  liquor  ahotoidis, 
of  the  cow,  has  been  published  by  Dzondi ;;  for  an  abstract  of  which  set 
Gehlen's  Jour.  Second  Series,  ii.  65S. 

%  Ann*  de  Chim.  xzxiii.  S75. 
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When  this  liquid  is  evaporated^  a  tkick  frothy  scum  Chap.  il« 
gathers  on  thesur&oe^  which  is  easily  separated*  and  in 
which  some  white  acid*ta8ted  crystals  may  be  discovered. 
By  continuing  the  evaporation,  the  matter  becomes  thick, 
and  viscidy  and  has  verj'  much  the  look  of  honey.  Alcohol 
boiled  upon  this  thick  matter,  and  filtered  off,  deposits 
npon  cooling  brilliant  needle-form  cr}'stal8  nearly  an  inch 
in  length.  These  crystals  may  be  obtained  in  abundance 
by  evaporating  the  liquor  of  the  amnios  to  a  fourth  part  of 
its  bulk,  and  then  allowing  it  to  cool.  The  crystals  soon 
make  their  appearance.  They  may  be  separated  and  puri- 
fied by  washing  them  in  a  small  quantity  of  cold  water. 
These  crystals  are  amniotic  acid.* 

If  after  the  separation  ef  this  acid  the  liquor  of  the 
amnios  be  evaporated  to  the  consistence  of  a  syrup,  large 
transparent  crystals  appear  in  it,  which  have  all  the  proper- 
ties of  sulphate  of  soda.  The  liquid  of  the  amnios  of  cows 
contains  a  considerable  quantity  of  this  salt. 

Thus  it  appears  that  the  liquor  of  the  anmios  of  cows  CompoM- 
contains  the  following  ingredients :  ***^' 

1.  Water.  5.  Acid. 

2.  A  peculiar  animal  matter.     4.  Sulphate  of  soda. 

The  animal  matter  possesses  the  following  properties :  it 
has  a  reddish-brown  colour  and  a  peculiar  taste ;  it  is  very 
soluble  in  water,  but  inboluble  in  alcohol,  which  has  the 
property  of  separating  it  from  water.  When  exposed  to  a 
strong  heat  it  swdls,  exhales  first  the  odour  of  burning 
^m,  then  of  empyreumatic  oil  and  of  ammonia,  and  at  last 
the  peculiar  odour  of  prussic  acid  becomes  very  conqpi- 
euons.  It  difiers  from  gelatin  in  the  visddity  which  it  com- 
municates to  water,  in  not  forming  a  jelly  when  concen- 
trated, and  in  not  being  precipitated  by  tannin.  It  must 
be  dierefore  ranked  among  the  very  undefined  and  inaccip- 
rate  dass  of  animal  mucilages^  When  burnt,  it  leaves  a 
very  large  coal,  which  is  readily  incinerated,  and  leaves  a  ' 
little  white  ashes,  composed  of  phosphate  of  magnesia,  and 
a  very  small  proportion  of  phosphate  of  lime.f 

Dr.  Front  examined  the  liquor  amnii,  taken  from  the 
utems  of  a  cow,  slaughtered  in  an  early  period  of  gestation. 

•  Ann.  de  Chkn.  iwl  Sie.  t  Ibid.  S78. 


TAwn  OF  iWaaam. 

Ifs  eoluttr  wH  *dl(Hr,  its  wnell  tflu  4nt  of  new  miOc,  iu 
'  twic  like  that  of  fireih  whey.    He  Ooold  not  detect  in  it  any 
BQintotic  acid,  but  it  containctl  a  »ensil)l«  quanlrty  of  sugar 
ofmitk.     Its  constitiMBtB  were  «  follows : 

Water 977 

Albumco 2-6 

Substances  soluble  In  olcoliol 16-6 

SubstaDcee  solablc  in  wtttcr,  diiefly  sulphate?       „. 
of  soda  ?  aod  otbtr  salts,  also  sugar  or  milk  5 

1000-0  ■ 

Tie  portion  soluble  in  ulcuhol  consisted  partly  of  thfi 
lactates  but  chiefly  of  a  peculiar  substance,  having  con- 
ftidvriiblu  excernal  reseinblancc  to  the  external  brown  parts 
of  roasted  veaL 


Several  aninuls  are  fiimished  with  liquid  joicea  of  » 
poisonous  nature  which,  when  poured  into  fresh  woundsi 
occasion  tlie  diseaie  or  death  of  the  wounded  w'?''nwl.  Ser- 
pents, bees,  scorpions,  spiders,  are  well  known  examples  t£ 
such  animals.  The  chemical  properties  of  these  poisonoq^ 
juices  deserve  peculiar  attention;  because  it  is  only  from 
such  an  investigation  that  we  con  hope  to  ^^lain  the  &tal 
chanj^  which  they  induce  on  the  animal  economy,  or  to 
discover  an  antidote  sufficiently  powerful  to  counteract  their 
baneful  influence.  Unfortunately  the  task  is  difficult,  and 
perhaps  surpasses  our  chemical  powers.  For  the  progress 
already  made  in  the  investigation,  we  ore  indebted  almost 
entirely  to  the  labours  of  Fontana. 

1 .  The  poison  of  the  viper  is  a  yellow  liquid,  which 
lodges  in  two  small  vesicles  in  the  animal's  mouth.  These 
communicate  by  a  tube  with  the  crooked  bngs,  which  are 
ItoUow,  and  terminate  in  a  small  cavi^.     When  the  animal 

•  AmsU  of  FfaUgfopfay,  V.41& 
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bites,  tbe  yesides  an  squeezed,  and  the  poison  forced  Chap.  ii. 
through  the  fieiiigs  into  the  wound.     This  structure  was  ^""v*""^ 
partly  observed  by  Redi,  an  Italian  Philosopher;  and  his 
discoveries  were  completed  and  confirmed  by  the  experi- 
ments and  observations  of  Francini,*   Tysson^t   Meadyj: 
and  Fontana. 

This  poisonous  juice  occasions  the  fatal  effects  of  the 
viper's  bite.  If  the  veades  be  extracted,  or  the  liquid 
prevented  from  flowing  into  the  wound,  the  bite  is  harmless. 
If  it  be  infused  into  wounds  made  by  sharp  instruments,  it 
proves  as  &tal  as  when  introduced  by  the  viper  itself.  Some 
of  the  properties  of  thu  liquid  were  pointed  out  by  Mead ; 
but  it  was  Fontana  who  flrst  subjected  it  to  a  chemical 
examination,  sacrifidng  many  hundred  vipers  to  his  experi- 
ments. The  quantity  contained  in  a  single  vesicle  scarcely 
exceeds  a  drop. 

It  has  a  yellow  colour,  has  no  taste ;  but  when  applied  to  Resemblct 
the  tongue  occasions  numbness.     It  has  the  appearance  of  sa>n. 
oil  before  the  microscope^  but  it  unites  readily  with  water. 
It  produces  no  change  on  vegetable  blues. 

When  exposed  to  the  open  air,  the  watery  part  graduaUy 
evaporates,  anda  yeilowish-brown  substance  remains,  which 
has  the  appearance  of  gum  arable.  In  this  state  it  feels  viscid 
like  gum  between  the  teeth ;  it  dissolves  readily  in  water,  but 
not  in  alcohol ;  and  alcohol  throws  it  down  in  a  white  powder 
from  water.  Neither  acids  nor  alkalies  have  much  effect 
upon  it.  It  does  not  unite  with  volatile  oils  nor  sulphureC 
of  potash.  When  heated  it  does  melt,  but  swdls,  and  does 
not  inflame  till  it  has  become  black.  These  properties  are 
similar  to  the  properties  of  gum,  and  indicate  the  gummy 
nature  of  this  poisonous  substance.  Fontana  made  a  set  of 
experiments  on  the  dry  poison  of  the  viper,  and  a  similar 
set  on  gum  arabic,  and  obtained  the  same  results. 

From  the  observations  of  Dr.  Russel,  there  is  reason 
to-believe  that  the  poisonous  juices  of  the  other  serpents  arc 
similar  in  their  properties  to  those  of  the  viper. 

This  striking  resemblance  between  gums  and  the  poison 
of  the  viper,  two  substances  of  so  opposite  a  nature  in  their 

- .    •  New  Abridg.  of  the  Phil.  Trans,  ii.  8.  f  Phil.  Trans,  vol.  xii. 

t  Mtad  on  Poisoue^  p.  35.  . 
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Book  V.    effects  up<m  the  living  body,  is  s  biunilinttng  proof  of  Uie 
smalt  progress  wc  have  made  in  the  cliemictJ  knonledge  of 
these  intricate  Bubetancea.     The  poison  of  the  vipiT,  luid  of 
serpents  in  general,  is  most  hurtful  when  mixed  viiib  the 
blood.     Taken  into  the  stomach  it  kilh  if  the  quantity  be 
considerable.     Fontana  has  ascertained  that  its  fatal  fflucts 
are  proportional  to  its  quantity,  compared  with  the  quantity 
of  the  blood.     Hence  the  danger  diminishes  as  the  size  of 
the  animal  increases.     Small  birds  and  quaJrupeiU  die  im- 
mediately  when  tltey  are  bitten  by  a  viper;  but  to  a  fiiU- 
kized  man  ilie  bite  seldom  provev  fatal. 
ATBTnonU       Ammonia  has  been  proposed  as  an  antidote  to  the  bite  of 
I     aTiT^K  ^^  vi|ier.     It  was  introduced  in  consequence  of  the  theory 
W~  '  of  Dr.  Mead,  that  the  poison  was  of  an  acid  nature     The 

H  Dunerous  trials  of  that  medicine  by  Foniaua  robbed  it  cS 

^P  all  its  celebrity;  bui  it  ha*  beon  lately  revived  and  rccom- 

W  mcudcd  by  Dr.  Ramiuy  »^  a  certain  cure  for  tiie  bite  of  tlie 

I  ratllcsnakc." 

«■»•(  .vA^Jl«.>iiW  «t^i*imhtkmi  0f<  — ifiih  idUi|-«<ilM 

.  :    tarn  ifciiiprrl—iMrf KBajiti fwllnri Ihil il huipi ■  ' 

■faAmff  meHUuiatto'tlMpmaoiiiirths-^per.    Ttettf 

the  bee  is  much  longer  !o  drying  vben  eE^poaad  to  the  air 

than  the  venom  of  the  va^. 

otthcKoi^     3.  The  poiaon  of  the  scorpion  rcsembla  that  of  tba  viper 

t*^'         also.     But  its  taste  it  hot  and  acrid,  whidi  is  the  caaa  aba 

with  the  veDom  of  the  bes  and  tha  waap. 
Ofipidcn.  4.  No  experinuntg  upon  which  we  can  Fdy  have  bna 
made  upon  the  poiaoo  of  the  spider  tTifae.  Frcm  dw 
rapidity  vith  which  theae  *"'■""*»  dectn^  their  prcy,  Mid 
even  one  uiother,  w«  cannot  doubt  Uiat  their  poiao(|  ii 
■uffidendy  viruleat{ 

•  Pbil.  Hag.  xrii.  1S5.  Tha  readw  will  faulan  jntrntati^nAmtm 
tion  on  tbe  diSvent  rentadiM  appliwl  to  the  con  «f  tlw  rMtlsMMka  9 
tbs  Ajdct.  Traat.  lol.  iii.  p.  100^  bj  Dr.  Suitli  Barton.  TV  «b«nw 
UOM  of  Fontana  in  bit  trsatiM  on  poiMns  dMoiTB  paiticolai'  attanlip*. 

t  See  a  cnrions  account  of  the  itrttctor*  of  tbe  sUng  bj  Dr.  HcAe  ia 
lu»  Micrographla. 

t  Dr.MMtrinnaantiGacoaontnfthebiMoftbatariBMbwQMtw 
tain  the  reader.    See  MeadonPoiseai,p.fr. 


AfR   IN   THE   SWlMiMTNG  BLADDERS   OF   FISHES.  Bi-S 

m 

SECT.  XXIV.  Chap.  II. 

OF  THE   AIR  CONTAINED   IN  THE   SWIMMING  BLADDERS   OF 

FISHES. 

* 

Many  fish  arc  furnished  with  a  bladder  filled  with  air,  by 
meaos  of  which  they  arc  supposed  to  rise  or  sink  in  the 
water.  When  they  wish  to  rise  they  are  supposed  to  dilate 
their  air  bladder ;  when  they  wish  to  sink  they  compress  it. 
Whether  this  be  the  use  of  the  air  bladder  of  fishes  is 
somewhat  doubtful.  Most  fish  have  a  peculiar  depth  at  Histon-. 
which  they  almost  always  remain.  Thus  the  flat  fish  con- 
stantly affect  the  bottom  of  the  sea,  while  tlierc  arc  others 
that  as  constantly  affect  the  surface.  From  the  late  obser-. 
vations  of  Biot  it  appears,  that  when  a  fish  is  suddenly 
brought  from  a  great  depth  towards  the  surface,  the  air 
bladder  swells  so  much  that  the  fish  cannot  again  sink ; 
nay,  it  oflen  bursts ;  and  the  air  making  its  way  into  the 
stomach,  swells  it  up  and  forces  it  into  the  mouth  or  oeso- 
phagus. The  air  with  which  these  bladders  is  filled  was 
first  examined  by  Dr.  Priestley  in  1774.  From  his  obscr- 
yations  it  appears  that  it  varies  in  its  nature.  The  roach 
was  the  fish  the  air  bladder  of  which  he  examined.  At  first 
he  found  it  filled  with  azote,  but  afterwards  he  got  a  mix- 
ture of  oxygen  and  azote.* 

Fourcroy  long  after  examined  the  air  in  the  air  bladder 
of  the  carp,  and  found  it  almost  pure  azote;  and  similar 
results  were  obtained  by  other  chemists.  But  by  far  the 
most  complete  analysis  of  this  kind  of  air  has  been  made  by 
Biot,  while  in  Yviza  and  Formentera,  two  islands  a  little 
to  the  south  of  Majorca  and  Minorca.  He  was  employed 
by  the  French  government  to  prolong  the  meridian  of 
France  to  the  Balearean  islands,  and  embraced  the  oppor- 
tunity which  presented  itself  to  examine  the  air  in  the  blad- 
ders of  the  different  species  of  fish  caught  in  the  neighbour- 
hood of  these  islands.  Next  season  he  returned  to  the 
same  islands  with  Mr.  Laroche,  who  repeated  and  confirmed 
his  preceding  experiments.! 

Biot  found  the  air  in  the  air-bladders  a  mixture  of  azotic  Ezperi- 

♦  Priestley  on  Air,  ii.  462. 

t  Biot*s  Memoirs  are  priated  in  the  Mem.  D'Arcueil,  i.  353,  and  ii  8. 
VOL.    IV.  2  N 


# 


546  PABT8  OF  AjrHfALB. 

B<xA  V.  and  oxygen  gas  In  very  variable  proportions.  No  traces  of 
hydrogen  gas  could  be  detected;  nor  was  there  any  sensible 
quantity  of  carbonic  acid.  The  proportion  of  oxygen  gas 
was  very  various,  being  sometimes  very  minute,  and  some- 
times constituting  almost  the  whole  of  the  gas.  The  air 
bladders  of  tliose  fish  which  live  near  the  surface  contained 
least  oxygen  gas,  and  the  bladders  of  those  which  were 
brought  up  from  a  great  depth  contained  the  most.  The 
following  table  exhibits  the  proportion  of  oxygen  in  100 
parts  of  the  air  in  the  different  fish  examined. 

Names  of  the  Fish.  Broportioa  of  Oxjseiu 

Pioportion  Mugil  cephalus  (Li/772.)  ....  Quantity  insenuble, 

^OMjZpa.  jyi^^^ IMttO. 

Muroenophk  helena  (Lacepede)  Very  little. 

Sparus  annularis  {Liwi,)  female  • .  0*09 

Ditto,  male 0*08 

Sparus  sargus  {Lhm.)  female ....  0*09 

Ditto^  male 0*20 

Holocentrus  marinus  {Lacepede)  0*12 

Labrus  turdus  {Ldim.) 0*16 

Sparus  melanurus  {Linn.) 0*20 

Labrus  turdus  {Far.  Limu) 0*24 

Sciiena  nigra,  female 0*27 

Dittos  male 0*25 

Labrus  turdus  {Linn.)  female  •  •  •  •  0*24 

Ditto,  male O  28 

Sparus  dentex  {Linn.)  female  •  . .  0*4O 

Sphyroena  spet.  {Lacepede) 0*44 

Sparus  argenteus 0*50 

Sparus  erythrinus Mudi 

Holycentrus  gigas 0*69 

Gadus  merluocius  {Linn.) 0*79 

Trygla  lyra  (Ltnw.) 0*87 

The  depth  at  which  the  fish  in  the  preceding  taUe  are 
caught  increases  gradually,  as  well  as  the  proportioo  of 
oxygen,  firom  the  beginning  to  the  end  of  the  ti^e.  The 
last-mentioned  fish,  the  tiygla  lyra  is  always  cau^t  at  a 
very  great  depth.  The  experiments  o(  Laroche  confirm 
the  accuracy  of  this  curious  fact.  The  mean  result,  fiir« 
nished  by  all  the  fishes  taken  at  a  depth  greater  than  150 
feet,,  was  0*70  of  oxygen;  while  the  mean  resQlt,  fitnnshed 
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by  the  fish  caught  at  less  depths,  was  0*29.  This  superior  Ciiap.  11. 
purity  is  not  owing  to  any  superior  purity  in  the  air  of  the 
water  of  tlie  sea  at  great  depths.  The  air  obtained  from 
sea  water,  brought  up  from  a  great  depth,  yielded  0*265 
of  oxygen,  while  that  from  water  taken  at  the  surface  was 
purer. 

It  is  very  remarkable  that  the  air  in  the  bladder  of  fishes^ 
taken  near  tlic  surface,  should  be  almost  pure  azote.  But 
this  holds  also  with  respect  to  fresh  water  fish.  Thus  Biot 
found  the  air  in  the  air  bladder  of  a  carp  to  contain  0*09 
of  oxygen,  while  that  of  a  tench  contained  0*16;  and 
Geofiroy  and  Vauquelin  found  the  air  in  the  air  bladder  of 
pikes,  loadies,  and  perches,  to  contain  0*05  of  oxygen. 
Humboldt  likewise  found  very  little  oxygen  in  the  air 
bladder  of  the  gymnotus  electricns. 


SECT.  XXV. 

OF  SWEAT. 


A  QUANTITY  of  matter  is  constantly  emitted  from  the 
skin ;  this  matter  is  invisible,  and  is  distinguished  by  the 
name  of  perspiration.  Several  experiments  were  made  by 
Lavoisier  and  Scguin  to  ascertain  its  amount.  Mr.  Cruick-* 
shanks  *  made  numerous  trials  to  determine  its  nature,  and 
it  has  been  subjected  to  a  chemical  examination  by  The- 
nard.'l'    Berzelius  also  has  made  some  experiments  on  it 

1.  Mr.  Cruickshanks  put  his  hand  into  a  glass  vessel,  1.  Water; 
and  luted  its  mouth  at  his  wrist  by  means  of  a  bladder. 
The  interior  surfitce  of  the  vessel  became  gradually  dim, 
and  drops  of  water  trickled  down.  By  keeping  his  hand 
in  this  manner  for  an  hour,  he  collected  SO  grains  of  a 
liquid,  which  possessed  all  the  properties  of  pure  water.^ 
Oil  repeating  the  same  experiment  at  nine  in  the  evening 
(thermometer  62^),  he  collected  only  12  grains.  The 
mean  of  these  is  21  grains.  But  as  the  hand  is  more  ex- 
posed than  the  trunk  of  tlie  body^  it  is  reasonable  to  sop- 

*  Cruickshanks  on  Insensible  Perspiration, 
t  Ahq.  4%  Chim.  lix.  263.  t  Oa  Infsnnbif  FerspvratKm,  p.  69, 
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Book  V.  pose  that  the  perspiration  from  it  is  greater  than  that  from 
^^-'^^■*^  the  liaiul.  I-et  us  therefore  take  80  grains  per  hour  as  the 
mean ;  and  let  us  suppose,  with  Mr.  Cniickshanks,  that 
the  hand  is  -^-'yth  of  the  surface  of  the  body :  Tlie  perspi- 
ration in  an  hour  would  amount  to  1880  grains,  and  in  24 
hours  to  43,200  grains,  or  seven  pounds  six  ounces  troy. 
This  is  almost  double  of  the  quantity  ascertained  by  La- 
voisier and  Seguin.  Hence  we  may  conclude  that  more 
matter  is  perspired  through  the  hand  than  the  other  parts 
of  the  body,  provided  Mr.  Cruickshanks's  estimate  of  the 
ratio  between  die  surface  of  the  band  and  body  be  not  er- 
roneous. 

He  repeated  the  experiment  again  after  hard  exercise, 
and  collected  in  an  hour  48  grains  of  water.*  He  found 
also,  that  this  ucpieous  vapour  pen^aded  his  stocking  with- 
out difficulty ;  and  that  it  made  its  way  through  a  shamoy 
leather  glove,  and  even  through  a  leather  boot,  though  in 
a  much  smaller  quantity  than  when  the  leg  wanted  that 
covering.f 

It  is  not  difficult  to  see  why  the  quantity  of  watei^*  \'a- 
pour  diminishes  with  cold.  When  the  surface  of  the  body 
is  exposed  to  a  cold  temperature,  the  capacity  of  the  cu- 
taneous vessels  diminishes,  and  consequently  the  quantity 
which  flows  through  them  must  decreiise. 

When  the.  temperature,  on  the  oliicr  hand,  is  much  in- 
creased, either  by  being  exposed  to  a  hot  atmosphere,  or 
by  violent  exercise,  the  perspired  vapour  not  only  incrc*ases 
in  quantity,  but  even  appears  in  a  liquid  form.  This  is 
5wett.  known  by  the  name  of  sweat.  In  what  manner  sweat  is 
produced,  is  not  at  present  known ;  but  we  can  see  a  vciy 
important  service  which  it  performs  to  the  animal.  No 
sooner  is  it  thrown  upon  the  surface  of  the  skin  than  it 
begins  to  evaporate.  But  the  change  into  vapour  requires 
heat ;  accordingly  a  quantity  of  heat  is  absorbed,  and  the 
temperature  of  the  animal  is  lowered.  This  is  the  reason 
that  animals  can  endure  to  remain  for  some  time  in  a  much 
higher  temperature  without  hijury  than  could  have  been 
apposed. 

The  experiments  of  Tillet,  and  the  still  more  decisive 

On  Insensible  PwBpiratkm,  p.  70.  f  Ibid.  p.  83. 
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experiments  of  Fordyce  and  his  associates,  are  well  known.  Chap.  ii. 
These  gentlemen  remained  a  considerable  time  in  a  teni-  ^~v"*^ 
perature  exceeding  the  boiling  point  of  water. 

2.  Besides  water,  it  cannot  be  doubted  that  carbon  is  also  Carbon, 
emitted  from  the  skin ;  but  in  what  state,  the  experiments 
hitherto  made  do  not  enable  us  to  decide.  Mr.  Cruick- 
shanks  found  that  the  air  of  the  glass  vessel  in  which  his 
hand  and  foot  had  been  confined  for  an  hour  contained 
carbonic  acid  gas;  for  a  candle  burned  dimly  in  it,  and  it 
rendered  lime-water  turbid.*  And  Mr.  Jurine  found  that 
air  which  had  remained  for  some  time  in  contact  with  the 
skin  consisted  almost  entirely  of  carbonic  acid  gas.t  The 
same  conclusion  may  be  drawn  from  the  experiments  of 
Ingenhousz  and  Milly.:^  Trousset  has  observed  that  air 
was  separated  copiously  from  a  patient  of  his  while  bath- 

Now  it  is  evident  that  the  carbonic  acid  gas  which  ap- 
peared during  Mr.  Cruickshanks's  experiment  did  not  pre- 
viously exist  in  the  glass  vessel ;  consL'(]Ucntly  it  must  have 
either  been  transmitted  ready  formed  through  the  skin,  or 
formed  during  the  experiment  by  the  absorption  of  oxygen 
gas,  and  the  consequent  emission  of  carbonic  acid  gas.  The 
experiments  of  Mr.  Juriue  do  not  allow  us  to  suppose  tlie 
first  of  these  to  be  true ;  for  be  found  that  the  cjuantity  of 
air  allowed  to  remain  in  contact  with  the  skin  did  not  in-^ 
crease.  Consequently  the  appearance  of  the  carbonic  acid 
gas  must  be  owin<r  cither  to  the  emission  of  carbon,  which 
forms  carbonic  acid  gas  by  combining  with  the  oxygen  gas 
of  the  air,  or  to  the  absorption  of  oxygen  gas,  and  the  sub* 
sequent  emission  of  carbonic  acid  gas;  precisely  in  the 
same  manner,  and  for  the  same  reason,  that  these  sub- 
stances are  emitted  by  the  lungs.  The  last  is  the  more  pro- 
bable opinion ;  but  the  experiments  hitherto  made  do  not 
liable  us  to  decide. 

3.  Besides  water  and  carbon,  or  carbonic  acid  gas,  the  a.  An  oilf 
skin  emits  also  a  particular  odorous  substance.     That  every  "**"*'• 
animal  has  a  peculiar  smell,  is  well  known :  the  dog  can 
discover  his  master,  and  even  trace  him  to  a  distance,  by 
the  scent     A  dog,  chained  some  hours  after  his  master  had 

*  On  Insensible  Perspiration,  p.  70  and  81. 

4  Encyc.  Meth.  Med.  i.  515.  t  Ibid.  p.  511, 

$  Amu  de  Chim.  xlv.  73. 
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Book  V.  gi^t  out  on  a  journey  of  some  hundred  mile%  fallowed  his 
^"'^''**'^^  footsteps  by  the  smell,  and  found  him  on  the  third  day  in 
the  midst  of  a  crowd.*  But  it  is  needless  to  multiply 
instances  of  this  fact ;  they  are  too  well  known  to  every  one. 
Now  this  smell  must  be  owing  to  some  peculiar  matter 
which  is  constantly  emitted ;  and  this  matter  must  difo 
somewhat  either  in  quantity  or  some  other  property,  as 
we  see  that  the  dog  easily  distinguishes  the  individual  by 
means  of  it  Mr.  Cruickshanks  has  made  it  probable  that 
this  matter  is  an  oily  substance;  or  at  least  that  there  is  an 
oily  substance  emitted  by  the  skin.  He  wore  repeatedly, 
night  and  day,  for  a  month,  the  same  vest  of  fleecy  bowery 
during  the  hottest  part  of  the  summer.  At  the  end  of  this 
time  he  always  found  an  oily  substance  accumulated  in 
considerable  masses  on  the  nap  of  the  inner  surface  of  the 
vest,  in  the  form  of  black  tears.  When  rubbed  on  paper, 
it  makes  it  transparent,  and  hardens  on  it  like  grease.  It 
bums  with  a  white  flame,  and  leaves  bdiind  it  a  ehany 
residuum.f 
4.  Anacidy  4..  Berthollct  has  observed  the  perspiration  acid;j:  and 
he  has  concluded  that  the  acid  which  is  present  is  the  phos« 
phoric :  but  that  has  not  been  proved.  Thenard  obtained 
acetic  acid ;  but  Berzelius  has  rendered  it  probable  that 
the  true  acid  of  sweat  is  the  lactic^  and  that  in  Thenaid's 
experiments  the  acetic  was  formed  at  the  expense  of  the 
lactic.  He  evaporated  a  few  drops  of  sweat  to  dryness  in 
a  watch  glass.  The  yellowish  residue  had  all  the  appesN 
ance  under  the  microscope  of  the  usual  mixture  of  the 
muriates  of  potash  and  soda,  with  lactic  acid,  lactate  of 
soda  and  its  accompanying  animal  matter.  It  reddened 
Utmus  and  dissolved  in  alcohol.  $ 
*  v^^^  ^'  ^^^  small  quantity  of  animal  matter  which  Thenard 
found  in  the  perspired  matter  possessed  characters  which 
induced  him  to  consider  it  as  similar  to  gelatin  in  its  nature. 
Fourcroy  and  Vauquelin  have  ascertained  that  the  scurf 
which  collects  on  the  skins  of  horses  consists  chiefly  of 
phosphate  of  lime,  and  urea  is  even  sometimes  mixed  with 

it. 

•  Cniickbhanks  on  Insensible  Perspiration,  p.  93.  f  Ibid.  p.  9$. 

t  He  observed  that  a  blue  paper,  applied  to  a  part  labouring  under  a 
jouty  parQsjtm,  b^ame  always  red.    Jour,  de  Pbjrt.  xxviii.  «75. 
^  Am:alsofPbilosophy,ii.415. 
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Such  are  the  oonstitaents  of  perspired  tnatter.    Though  Chap,  li. 
the  fweat  has  not  been  directly  analysed,  there  is  every 
reaaofi  to  bdieve  that  it  is  composed  of  similar  constituents. 


SECT,  XXVI. 


OF   URINE. 


No  animal  substance  has  attracted  more  attention  than  Hinofy.. 
urine,  both  on  account  of  its  supposed  connection  with  va- 
rious diseases,  and  on  account  of  the  very  singular  products 
which  have  been  obtained  from  it.  Mr.  Boyle,  and  the 
other  chemists  who  were  his  contemporaries,  were  induced 
to  attend  particularly  to  this  liquid,  by  the  discovery  of 
a  method  of  obtaining  phosphorus  from  it.  Boerhaave^ 
Haller,  Haupt,  Margrafl^  Pott,  Rouelle,  Proust,  and 
Klaproth,  successively  improved  die  method  of  obtaining 
the  phosphoric  salts  from  urine,  or  added  something  to 
our  knowledge  of  the  component  parts  of  these  salts, 
Scheele  added  greatly  to  our  knowledge  of  urine  by  detecting 
several  new  substances  in  it  which  had  not  been  suspected. 
Cruickshanks  has  given  us  a  very  valuable  paper  on  urine 
in  the  second  edition  of  RoUo^s  Diabetes.  Fourcroy  and 
Vauquelin  have  published  an  elaborate  analysis  of  it ;  and 
Mr.  Proust  has  published  another,  no  less  ingenious,  in 
which  he  points  out  the  existence  of  several  substances 
which  had  been  overlooked  by  other  chemical  philosophers. 
But  the  most  elaborate  and  exact  analysis  of  urine  has  been 
made  by  Professor  Berzelius.* 

Fresh  urine  differs  considerably  in  its  appearance  accord-  Properties 
ing  to  the  state  of  the  person  and  the  time  at  which  it  is 
vmded.  In  general,  healthy  urine  is  a  transparent  liquid 
of  a  ligfatramber  colour,  an  aromatic  odour  resembling  that 
of  violets,  and  a  disagreeable  bitter  taste.  Its  specific  gra- 
vis varies,  according  to  Mr.  Cruickshanks,  fi*om  1*005  to 
I  *03S.f  When  it  cools,  the  aromatic  smell  leaves  it,  and 
is  succeeded  by  another,  well  known  by  the  name  of  urinous 

*  Djur  kemieo,  ii.  978. 

f  I>r.  Henry  informs  as  that  be  never  fotmd  it  higher  than  1*0(0. 
Annals  of  Philosophj,  i.  98. 
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iMkrxjHuelL    Tils  smell  is  succeeded  Jp  twp<>r  thite  daqy  by 
«n9tb6r,  which  has  a  considerably  jresemblanoe  laUiat.of 
aeiir  millu    This  smell  gradually  disappears  in  ks  tur% 
and  is  succeeded  by  a  fetid  alkaline  odour. 
CMtaiutn     ].  Urine  reddens  paper  stained  with  turnsole  and  with 
the  juice  of  radishes,  and  therefore  contuns  an  acid.    This 
acid  has  been  generally  considered  as  the  phosphoric; 
Thcnard  a£Brms  that  it  is  in  reality  the  acetic*    But  Ber- 
lelius  has  shown  that  it  is  the  lacticf 
*  2.  If  a  solution  of  ammonia  be  poured  into  fresh  urine^ 
a  white  powdor  precipilates^  which  has  the  properties  of 
fdiosfdiate  of  lime.    Tbe.piwwQoe  of  Uus  subataace  in  urine 
;  was  first  discovered  by  Sdieak^^    The  phoephate  of  lime 
is  obviously  kept  in  solntioa  by  the  acetic  acid.    Scheefe 
affirms  that  it  is  most  abundant  in  the  urine  of  the  ai<^ 
Berthollet  has  observed,  that  the  nraie  of  gouty  people  is 
more  acid  than  that  of  people  in  perfect  health.    The  aver- 
age quantity  of  phoqf>hate  of  lime  in  healthy  urine  is^  as 
CruidEshanks  has  aacertained»  about  ^kw  ^  the  weiglbt  o£ 
the  urine.  § 

8.  If  the  phoqihate  of  lime  precj^itated  ftom  urine  be 
examined,  a  little  magnesia  will  be  found  mixed  with  it. 
Fourcroy  and  Vauquelin  have  ascertained  that  this  is  owing 
to  a  little  phosphate  of  magnesia  which  urine  contains,  and 
which  is  decomposed  by  the  alkali  or  lime  employed  to 
precipitate  the  phosphate  of  lime.  || 

4.  Berzelius  informs  us  that  there  is  a  little  fluate  of 
lime  mixed  with  the  phosphate  of  lime  of  urine.  He 
mixed  the  phosphates  of  urine  with  their  own  weight  of 
sulphuric  acid  and  exposed  a  pipce  of  glass  to  the  fumes 
prepared  for  etching.  It  was  sensibly  corroded,  and  thus 
showed  the  evolution  of  fluoric  acid.** 
Sulphate  of  6.  Urine  ctmtains  likewise  q,  notable  proportion  of  sul- 
^sh  and  pijuj-jc  acid  united  both  to  potash  and  to  soda.  This  was 
ascertained  by  Berzelius.  If  urine  be  acidulated  with  nitric 
acid  to  prevent  the  precipitation  of  the  phosphates,  and 
^en  mixed  with  muriate  of  barytes,  a  copious  precipitate  of 

♦  Ann.  dc  Chim.  lix.  269.  +  Annals  of  Piiilobophy,  ii.  418. 

t  Scheele,  i.  208.  §  Phil.  Mag.  ii.  241. 

It  Ann.  de  Chim.  xxxi.  66.  The  same  discovery  had  been  pieviovsljr 
floade  by  Dr.  Wo)lastOD,  See  his  examination  of  caiciiliy  Phil.  Traos. 
1797.  ♦♦  AnualsofPhilMophy,  ii.  4W, 
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-sulphate  of  barytes  falls.    If  the  urine  after  the  removal  of  Chap.li. 
this  precipitate  be  supersaturated  with  ammonia,  thephos-  ^"v— *^ 
phates  fall  down,  and  along  with  them  there  is  an  additional 
quantity  of  sulphate  of  barytes.* 

6.  Proust  informs  us  that  carbonic  acid  exists  in  urine.  Carbonic 
and  that  its  separation  occasions  the  froth  which  appears  ^^*^* 
durin^f  the  evaporation  of  urine.f  Fourcroy  and  Vauc|ue- 
lin,  on  the  other  hand,  consider  this  acid  as  formed  during 
the  evaporation  by  the  decomposition  of  the  urea.  The 
observations  of  Proust  confirm  those  that  had  been  made 
by  Priestley  and  Percival.  Vogel  has  confirmed  the  asser- 
tion of  Proust  He  put  a  quantity  of  fresh  urine^  under 
the  exhausted  receiver  of  an  air  piunp.  Many  air  bubbles 
were  extricated.  This  air  was  made  to  pass  through  lime 
water,  which  became  milky  and  carbonate  of  lime  was  de- 
posited. Thus  showing  that  the  air  evolved  was  carbonic 
acid  gas.^ 

6.  When  fi-esh  urine  cools,  it  often  lets  fall  a  brick  co-  Uric  acid, 
loured  precipitate,  which  Scneelc  first  ascertained  to  be 
.crystals  of  uric  acid.  All  urine  contains  this  acid,  even 
when  no  sensible  precipitate  appears  when  it  cools.  For, 
if  a  sufficient  quantity  of  clear  and  fi*esh  urine  be  evapo- 
rated to  T-rs-  ^^  ^^  weight,  a  subtle  powder  precipitates  to 
the  bottom,  and  attaches  itself  in  part  very  firmly  to  the 
vessel.  This  part  may  be  dissolved  in  pure  alkali,  and  pre^ 
cipitated  again  by  acetic  add.  It  exhibits  all  the  proper- 
ties of  uric  acid.§  The  fact  is,  that  the  precipitate  which 
usually  falls  when  urine  cools  consists  chiefly  of  phosphate 
of  lime  and  uric  acid.  It  may  be  dissolved  in  diluted  nitric 
acid.  If  the  solution  be  heated  and  evaporated  to  dryness, 
it  assumes  a  fine  rose  colour  if  uric  acid  be  present.  ||  The 
proportion  of  uric  acid  varies  considerably  in  urine.  It 
crystallizes  in  small  red  prisms,  partly  on  the  surface,  if 
urine  be  mixed  with  some  nitric  acid,  and  left  exposed  to 
the  air.  Indeed,  from  the  experiments  of  Dr.  £^^,  we 
learn  that  all  acids  when  mixed  with  urine  throw  down  uric 
acid  in  ciystals.** 

8.  During  intermittent  fevers,  and  especially  during  dis-  Rotacic 

acid, 

*  Berzelius,  Annals  of  Philosophy,  ii.  417. 

t  Ann.  de  Chiro.  xxxvi.  260.  t  I^i<^*  ^ciii.  71. 

^  Scheele,  i.  207.  ||  Cruickshanks, 

••  Phii.  Mag.  xxiii.  ftm^ 
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Book  V.  eases  of  the  liver,  a  copiouB  sediment  of  a  brick-red  colour 
^'  V  ■  ^  is  deposited  from  arine.    This  sediment  contains  therosadc 

add  of  ProosL 
Benzoic  9.  If  fresh  urine  be  evaporated  to  the  consist^ice  of  a 
*^^  >yfup9  and  muriatic  acid  be  then  poured  into  it,  a  pred- 
pitate  appears  which  possesses  the  properties  of  benzine 
acid.  Scheele  first  discovered  the  presence  of  benzoic  add 
in  urine.  He  evaporated  it  to  dryness,  separated  the  saline 
part,  and  applied  heat  to  the  residuum.  The  benzoic  acid 
was  sublimed,  and  found  crystallized  in  the  receiver.  The 
above  method  was  first  proposed  by  Fourcroy  and  Vau- 
quelin.*  By  it  very  considerable  quantities  of  benzoic 
acid  may  be  obtained  from  the  urine  of  horses  and  cows, 
where  it  is  much  more  abundant  than  in  human  urine.  In 
human  urine  it  varies  from  ttW ^  i5iaa  of  the  whole.t 
Proust  affirms  that  the  acid  obtained  by  Scheele's  proces 
is  not  the  benzoic,  but  another  possessed  of  similar  proper- 
ties ;  but  differing  in  this  circumstance,  that  nitric  add  de- 
composes it,  whereas  it  only  whitens  benzoic  add.{ 

10.  When  an  infusion  of  tannin  is  dropped  into  urine,  a 
white  precipitate  appears,  having  the  properties  of  the 
combination  of  tannin  and  albumen.  Urine,  therefore^ 
Albumen  contains  albumen  or  gelatin.  These  substances  had  been 
«^  *•**■  suspected  to  be  in  urine^  but  their  presence  was  first  de^ 
monstratcd  by  Seguin,  who  discovered  the  above  method 
of  detecting  them.  Their  quantity  in  healthy  urine  is  veiy 
small,  often  indeed  not  sensible.  Cruickshanks  fonod 
that  the  precipitate  afibnled  by  tannin  in  healthy  urine 
amounted  to  -rrut^  part  of  the  weight  of  urine.  $  In 
many  diseases  the  quantity  of  these  matters  is  very  much 
increased.  The  urine  of  dropsical  people  often  contain!  to 
much  albumen,  that  it  coagulates  not  only  on  the  addition 
of  adds,  but  even  on  the  application  of  heat.||  In  all  cases 
of  impaired  digestion,  the  albuminous  part  of  urine  is 
much  increased.  This  forms  one  of  the  most  conspicuous 
and  important  distinctions  between  the  urine  of  those  who 
enjoy  good  and  bad  health.** 
^'««i  11.  If  urine  be  evaporated  by  a  slow  fire  to  the  con- 

•  Ann.  de  China,  xxxi.  62.  t  Ibid.  p.  63. 

:  Ibid.  XXXVI.  27a.  §  Phil.  Mag.  ii.  243. 

II  CruickshankN,  Phil.  Mag.  ii.  248. 

♦•  Fourcmy  and  V'auqaeliu^  Ann.  de  Chim.  xxxi.  61. 
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•istenoe  of  n  thidc  syrup,  it  afsmnes  a  deep  brown  colour,  Chip.  II. 
and  exhales  a  fetid  ammoniacal  odonr.  When  allowed  to  ^"^V"^ 
cool,  it  concretes  into  a  mass  of  crystals,  composed  of  all 
the  component  parts  of  nrine.  If  four  times  its  weight  of 
alcohol  be  poured  upon  this  mass,  at  intervals,  and  a  slight 
heat  be  npplied,  the  greatest  part  of  it  is  dissolved.  The 
alcohol,  which  has  acquired  a  brown  colour,  is  to  be  de- 
canted oif,  and  distilled  in  a  retort  in  a  sand  heat,  till  the 
mixture  has  boiled  for  some  time,  and  acquired  the  con- 
sistence of  a  syrup.  By  this  time  the  whole  of  the  alcohol 
has  passed  ofi^  and  the  matter,  on  cooling,  crystallizes  in 
quadrangular  plates  which  intersect  each  other.  This  sub- 
stance is  urea^  which  composes  -j^  of  the  urine,  provided 
the  watery  part  be  excluded.  To  this  substance  the  taste 
and  smell  of  urine  arc  owing.  It  is  a  substance  which  cha- 
racterizes urine,  and  constitutes  it  what  it  is,  and  to  which 
the  greater  part  of  the  very  singular  phenomena  of  urine 
are  to  be  ascribed. 

It  may  be  detected  by  evaporating  urine  to  the  consist- 
ence of  a  syrup,  and  pouring  into  it  concentrated  nitric 
acid.  Immediately  a  great  number  of  white  shining  crys- 
tals appear  in  the  form  of  plates,  very  much  resembling 
crystallized  boracic  acid.  These  crystals  are  urea  combinecl 
with  nitric  acid. 

The  quantity  of  urea  varies  exceedingly  in  different 
urines.  In  the  urine  voided  soon  after  a  meal,  very  little 
of  it  is  to  be  found,  and  scarcely  any  at  all  in  that  which 
hysterical  patients  void  during  a  paroxysm. 

12.  If  urine  be  slowly  evaporated  to  the  consistence  of  a  Muriate  of 
lyrup,  a  number  of  crystals  make  their  appearance  on  its  "^^^ 
surfi^ce :  these  possess  Uie  properties  of  muriate  of  soda. 
Urine  therefore  contains  muriate  of  soda.  It  is  well  known 
that  muriate  of  soda  crystallizes  in  cubes;  but  when  ob- 
tained from  urine  it  has  the  form  of  octahedrons.  This 
singular  modification  of  its  form  is  owing  to  the  action  of 
nrea.*  It  has  been  long  known  that  urine  saturated  with 
muriate  of  soda  deposits  that  salt  in  regular  octahedrons. 

IS.  The  saline  residuum  which  remains  after  the  separa-  Pbosphatrt 
lion  of  urea  from  crystallized  urine  by  means  of  alcohol  ^^J^f^* 
,has  been  long  known  by  the  names  of  fusible  salt  of  urine 

•  Tourcroy  and  VauqueUn^ 


^S6  PARTS   OF  AKIMALS. 

BookV.  and  microcosmic  salt.  Various  methods  of  obtaining  it 
^""V"*^  have  been  giv«i  by  chemists^  from  Boerhoave,  who  first 
published  a  process,  to  Rouelle  and  Chaulnes,  who  gave 
the  method  just  mentioned.  If  this  saline  mass  be  dissolved 
in  a  sufficient  quantity  of  hot  water,  and  allowed  to  crys- 
tallize spontaneously  in  a  close  vessel,  two  sets  of  crystals 
are  gradually  deposited.  The  lowermost  set  has  the  figure 
of  flat  rhomboidal  prisms;  the  uppermost,  on  the  con- 
trar}',  lias  the  form  of  rectangular  tables.  These  two  may 
be  easily  separated  by  exposing  them  ibr  some  time  to  a 
dry  atmosphere.  The  rectangular  tables  effloresce  and  fall 
to  powder,  but  the  rhomboidal  prisms  remain  unaltered. 

When  these  salts  are  examined,  they  are  found  to  have 
the  proi)erties  of  phosphates.  The  rhomboidal  prisms  con- 
sist of  phosphate  of  ammonia  unit4.d  to  a  little  phosphate 
of  soda;  the  rectangular  tables,  on  the  contrary,  are  phos- 
phate of  soda  united  to  a  small  quantity  of  phosphate  of 
ammonia.  Urine,  then,  contains  phosphate  of  soda  and 
phosphate  of  ammonia. 
Moriate  of  14.  When  urine  is  cautiously  evaporated,  a  few  cubic 
wnroonia,  ^rygj^jg  nre  often  deposited  among  the  other  salts ;  these 
crystals  have  the  properties  of  muriate  of  ammonia.  Now 
the  usual  form  of  the  crystals  of  muriate  of  ammonia  is 
the  octahedron.  The  chanire  of  its  form  in  urine  is  pro- 
duced also  by  urea.  This  salt  is  obtained  in  greater  abun- 
dance when  the  crystids  of  urea  obtained  from  the  alcoliv;! 
solution  are  distilled.* 
Sulphur.  1.').  When  urine  is  boiled  in  a  silver  basin,  it  blackens 

the  babin ;  and  if  the  quantity  of  urine  be  lar-je,  small 
crusts  of  sulphuret  of  silver  may  be  detached.  Hence  wc 
see  that  urine  contains  sulphur.  This  sulpliur  exhales 
alonir  with  the  carbonic  acid  when  the  urine  putrifies :  for 
the  fumes  which  separate  from  urine  in  that  state  blacken 
paper  stained  with  acetate  of  lead.f 

16.  The  cloml  which  appears  when  urine  cools,  and  which 
may  always  be  dctectetl  in  greater  or  sninllcr  quantity  in 
urine,  is  the  mua/^  of  the  bladder.  It  may  be  separated  by 
the  filter.  This  mucus  facilitates  the  deposition  of  crystals 
of  uric  acid.     Hence  when  it  happens  to  be  detained  in 

*  Foiircroy  and  Vauquelin. 

t  Proust,  Anu.  de  Chim.  xxxvi.  2^8. 
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the  bladder  it  may  serve  as  a  nucleus  for  the  formation  of  chap.  il. 

calculus.  ^*-"V^ 

The  constituents  of  healthy  urine  according  to  the  ana- 
lyses of  Berzelius  are  as  follows : 

Water OSS-OO    Constltu- 

Urea 30-10    *""*• 

Sulphate  of  potash 3*71 

Sulphate  of  soda 3*16 

Phosphate  of  soda 2'9^ 

Muriate  of  soda 4'4'5 

Phosphate  of  ammonia 1*65 

Muriate  of  ammonia 1  '50 

Free  lactic  acid*  "] 

Lactate  of  ammonia                                    I  1 7. 1 4 

Animal  matter  soluble  in  alcohol  f 

Urea  not  separable  from  the  preceding    J 

Earthy  phosphates  with  a  trace  of  flnate  of  lime.  1*00 

Uric  acid 1*00 

Mucus  of  the  bladder. 0*32 

Silica 0*03 


1 000-00* 
No  substance  putrifies  sooner,  or  exhales  a  more  dctes-  Putrifkc- 


table  odour,  during  its  spontaneous  decomposition,  than 
urine ;  but  there  is  a  very  great  difference  in  this  respect  in 
different  urines.  In  some,  putrifaction  takes  place  almost 
instantaneously  as  soon  as  it  is  voided ;  in  others,  scarcely 
any  change  appears  for  a  number  of  days.  Fourcroy  and 
Vauquelin  Iiave  ascertained  that  this  difference  depends  on 
the  quantity  of  gelatin  and  albumen  which  urine  contains. 
When  there  is  very  little  of  these  substances  present,  urine 
remains  long  unchanged ;  on  the  contrary,  the  greater  the 
quantity  of  gelatin  or  albumen,  the  sooner  does  putrifaction 
commence.  The  putrifaction  of  urine,  therefore,  is  in 
some  degree  the  test  of  the  health  of  the  person  who  has 
voided  it :  for  a  superabundance  of  albumen  in  urine  always 
indicates  some  defect  in  the  power  of  digestion.f 

The  rapid  putrifaction  of  urine,  then,  is  owing  to  the 
action  of  albumen  on  urea*    We  have  seen  already  the  faci- 

*  Annals  of  Philosophy,  ii .  4S3.    f  Fourcroy,  Ann.  de  Chim.  xixi .  6 1. 
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Book  V.  lity  with  which  that  singukur  subetance  is  deoompotedy  and 
^^•"v**^  that  the  new  products  into  which  it  is  changed  ar«^  am* 
monia,  carbonic  add,  and  acetic  acid«  Accordingly}  the 
putrilaction  of  urine  is  announced  hy  an  ammoniacal  tmdL 
Mucilaginous  flakes  are  deposited,  consisting  of  part  of  the 
gelatinous  matter.  The  lactic  acid  is  saturated  with  am- 
monia, and  the  phosphate  of  lime,  in  consequence,  is  pre- 
cipitated. Ammonia  combines  with  the  phosphate  of  mag- 
nesia, forms  with  it  a  triple  salt,  which  ciystallizes  upon 
the  sides  of  the  vessel  in  the  form  of  white  crystals,  com- 
posed of  six-sided  prisms,  terminated  by  six-sided  pyramids. 
The  uric  and  benzoic  acids  are  saturated  with  ammonia; 
the  acetic  acid,  and  the  carbonic  acid,  which  are  the  pro- 
ducts of  the  decomposition  of  the  urea,  are  also  saturated 
with  ammonia ;  and  notwithstanding  the  quantity  whidi 
exhales,  the  production  of  this  substance  is  so  abundant, 
that  there  is  a  quantity  of  unsaturated  alkali  in  the  liquid. 
Putrified  urine,  tlierefore,  contains  chiefly  the  ibllowing 
substances,  most  of  which  are  the  products  of  putrifiM^tioD : 

Ammonia. 

Carbonate  of  ammonia. 

Phosphate  of  ammonia. 

Phosphate  of  magnesia  and  ammonia. 

Urate  of  ammonia. 

Acetate  of  ammonia. 

Benzoate  of  ammonia. 

Muriate  of  soda. 

Muriate  of  ammonia. 

Besides  the  precipitated  albumen  and  phosphate  of  lime.* 
J>ittilUtion      The  distillation   of  urine    produces  almost  the  same 
of  urine,     changes ;  for  the  heat  of  boiling  water  is  sufficient  to  de- 
compose urea,  and  to  convert  it  into  ammonia,  carbonic 
and  acetic  acids.     Accordingly,   when  urine  is  distilled, 
there  come  over  water,  containing  ammonia  dissolved  in  it, 
and  carbonate  of  ammonia  iu  crystals;  the  acids  contained 
in  urine  arc  saturated  with  ammonia,  and  the  gelatin  and 
phosphate  of  lune  pricipitatcf 
Chanm  in      Such  are  the  properties  of  human  urine  in  a  state  of 
^    •*     health :  but  this  excretion  is  smgularly  modified  by  disease; 

*  Aim.  de  Chiin.  xud.  70.  f  Ibid.  sxxi.  55. 
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and  the  changes  to  which  it  is  liable  have  attracted  the  atp  cbtp.  IL 
tention  of  physicians  in  all  ages,  because  they  sen'e  iu  some  ^— v"^ 
measure  to  indicate  the  state  of  the  patient,  and  the  pro- 
gress of  the  disease  under  which  he  labours.    The  foUowing' 
are  the  most  remarkable  of  these  changes  that  have  been 
observed.* 

1.  In  inflammatory  diseases  the  urine  is  of  a  red  colour,  inSamma- 
and  peculiarly  acrid ;  it  deposits  do  sediment  on  standing,  ^^^ 
but  with  corrosive  sublimate  it  yields  a  copious  precipitate* 

2.  Huxin^jaundice  the  urine  has  anorange^yellow  colour,  JaiuuUcc 
and  communicates  the  same  tint  to  linen.     Muriatic  acid 
renders  this  urine  green,  and  thus  detects  the  presence  of  a 

litde  bUe. 

From  the  experiments  of  Fonrcroy  and  Vauquclin,  we  "^ 
learn  that  urine  sometimes  in  these  cases  contains  a  sub* 
stance  analogous  to  the  yeUow  matter  which  they  fimned 
by  the  action  of  nitric  acid  <hi  muscular  fibres.f 

3.  About  the  end  of  inflammatory  diseases  the  urine  be-  End  of  in- 
comes  abundant,  and  deposits  a  copious  pink-cdoured  sedi-  ^^""^^ 
ment,  composed  of  rosacic  acid^  a  little  phosphate  of  lime^ 

and  uric  acid. 

4.  During  hysterical  paroxisms  the  urine  usually  flows  Hyiteris* 
abundantly.    It  is  limpid  and  colourless,  containing  much 

salt,  but  scarcely  any  urea  or  gelatin. 

5.  Mr.  Bcrthollet  observed,  that  the  urine  of  gouty  per-  Gout, 
sons  contains  usually  much  less  phosph(Hric  acid  than  healthy 
urine.     But  during  a  gouty  paroxism  it  contains  much 
more  phosphoric  acid  than  usual;  though  not  more  than 
constantly  exists  in  healthy  urine4 

6.  In  general  dropsy^  the  urine  is  loaded  with  albumen.  Draper, 
and  becomes  milky,  or  even  coagulates  when  heated,  or  at 
least  when  acids  are  mixed  with  it.     In  dropsy  from  dis- 
eased liver,  no  albumen  is  present;  the  urine  is  scanty, 
high  coloured,  and  deposits  the  pink-coloured  sediment 

In  certain  cases,  feinales  have  been  observed  to  pass  urine 
which  had  the  appearance  of  milk,  and  which  upon  ex- 
amination, proved  to  difier  from  common  urine  in  con- 
tabling  a  notable  proportion  of  the  curdy  part  of  milk.^ 

•  See  Cruickskanks,  PfaU.  Mag.  ii,  246 ;  aad  Fourcroy»  x.  106. 
f  Phil.  Mag.  xaiii.  SSL  %  Jour,  de  Phjrs.  zxTiii.  S75. 

^  See  the  analjat  of  a  ipccinini  of  this  orine  bj  CabaUc^  Aim.  de. 
Cfaiai.  Iv.  64. 
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'?•  In  dyspepsia  the  urine  always  yields  a  copious  pred- 
pitate  with  tan,  and  potrifies  rapidly. 

Rickeur '  8.  The  unne  of  rtdusty  patients  is  said  to  be  loaded  with 
phosphate  of  lime,  or,  according  to  others,  with  oxalate  of 
lime. 

HepftUtis.  d.  Mr.  Rose  has  ascertained  that  in  chronic  hepatitis 
the  urine  is  destitute  of  urea.*^  This  curious  &ct  has  been 
confinned  by  the  experiments  of  Dr.  Henry.f 

Diabetes.  -10.  In  diabetes  the  urine  is  sweet-tasted,  and  often  loaded 
with  saccharine  matter.  In  one  case,  the  urine  emitted  daily 
by  a  diabetic  patient,  according  to  the  experiments  of 
Cruickshanks,  contained  29  ounces  of  sugar  .^ 

Urine  of  in-      The  uriiic  of  Other  animals  difiers  considerably  from  that 

feriorani-  ^f  mtm.  For  the  analysis  of  the  urine  of  quadrupeds 
hitherto  made  we  are  chiefly  indebted  to  Rouelle  junior. 
The  following  facts  have  been  ascertained  by  that  chemist, 
and  by  the  experiments  of  Fourcroy,  Vanquelin,  Bmnde, 
and  Chevreul. 

The  hone.  I.  The  urine  of  the  horse  has  a  peculiar  odour:  after  ^ 
exercise  it  is  emitted  thick  and  milky;  at  other  times  it  is 
transparent,  but  becomes  muddy  soon  after  its  emission. 
When  exposed  to  the  air,  its  suxfu^e  becomes  covered  with 
a  crust  of  carbonate  of  lime.  It  gives  a  green  colour  to 
syrup  of  violets  and  has  the  consistence  of  mucilage.  Tlie 
following  are  its  constituents,  as  estimated  by  Fourcroy  aud 
Vauquelin  from  their  experiments : 

Carbonate  of  lime 0"01 1 

Carbonate  of  soda O-OOO 

Bcnzoate  of  soda 0*024 

Muriate  of  potash 0*009 

Vtcvl 0*007 

Water  and  mucilage 0*940 

1*000  § 
The  urine  of  the  horse  has  been  analysed  by  Mr.  Brando. 
The  salts  which  it  contains  arc,    according  to  him,  tbc 
following : 

•  Annals  of  Philosophy,  ▼.  42.  t  Ibid.  vi.  392. 

X  The  reader  may  consult  a  set  of  compantive  experiments  on  healthy 
and  diabetic  Dnne  by  Nicolas,  Ann.  de  Chim.  xliv.  39;  the  nnalvbisof 
diabetic  urine  by  Sorg  (Geblen's  Jour.  ri.  9,)  und  by  Dupitytirn  and 
ThcDard  (Ann.  de  Chim.  lix.  41.)  S  Mem.  de  llustit.  ii.  4dt. 
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Carbonate  of  lime*  Muriate  of  soda.  chap.  il 

Carbonate  of  socbu  Benaeoate  .of  socbu 

Sulphate  of  soda.  Phosphate  of  lime. 

These  saline  substances  amount  to  about  -J-th  of  the 
urine.*  The  urine  of  the  horse  has  been  recently  subjected 
to  a  new  examination  by  Chevreul  expressly  to  ascertain 
whether  it  contained  phosphate  of  lime  announced  in  it  by 
Brande.  His  experiments  confirmed  those  of  Fourcroy 
and  Vauquelin.  The  urine  yielded  no  traces  of  phosphate 
of  lime;  but  it  contained  magnesia  and  sulphate  of  potashy 
neither  of  which  substances  bad  been  observed  by  Mr. 
Brande.t 

From  the  late  experiments  of  Mr.  Giesci  we  learn  that 
the  quantity  of  benzoate  of  soda  varies  considerably  in  the 
urine  of  horses.  In  some  specimens  he  found  it  in  abundance^ 
and  easily  precipitated  by  muriatic  acid.  In  others  there 
was  little  or  none.  He  could  detect  no  benzoic  acid  in  the 
food  of  horses.  Hence  he  considers  it  as  formed  within 
the  animal,  and  he  thinks  that  if,  appears  only  in  cases  of 
disease.:): 

II.  Tlie  urine  of  the  ^M  was  likewise  examined  by  Mr.  The 
Brande.  It  is  transparent,  but  mucilaginous.  It  gives  a 
green  colour  to  syrup  of  violets,  but  no  carbonate  of  lime 
is  deposited  from  it  on  standing.  It  contains,  according 
to  Brande,  urea,  more  phosphate  of  lime  than  the  urine  of 
the  horse,  carbonate  of  soda,  sulphate  of  soda,  muriate  of 
soda,  and  probably  muriate  of  potash.  It  contains  no  am- 
tnonia.§ 

III.  The  urine  of  the  cow  has  a  strong  resemblance  to  The  cow. 
that  of  the  horse ;  it  has  nearly  the  same  odour  and  the 
same  mucilaginous  consistence.  It  tinges  syrup  of  violets 
green,  and  deposits  a  gelatinous  matter.  On  standing, 
•mall  crystals  are  formed  on  its  sur&ce.  It  contains,  ac- 
cording to  Rouelle, 

1.  Carbonate  of  potash.  '      4.  Benzoic  add. 

2.  Sulphate  of  potash.  5.  Urea. 
S.  Muriate  of  potash. 


•  Ann.  de  Cbim.  livii.  876.  f  Ilnd.  303. 

i  Phil.  Mag.  mi.  151.  S  ^^u.  ^  CUmu  Lnrii.  STf . 

VOL.  IV.  S  O 


Ml  PAvn  4r  ^Miiis. 

BookV;  •     The  iiriiie  cf  die  ooir  has  been  miife  reeen^ 
^"""v*-^  by  Mr.  Bnmde.    Haiiimd  it.  compoiod  of  the  feUoTOf 

eomtitMntij 

•  • 

Water. • •••.•...  SB 

Phosphate  of  lime...  •«•••••'•    i 

Muriate  of  potaah     i  .^ 

Muriate  <tf  amnMNifa  / ^ 

Sulphate  rf  polaah  ••• 6 

Carbonate  of  poCaih  1     '  ^ 

Caifa.  of  ammonia      /••••••  ♦ 

Urea ;.••..«•  4 

Lo«..,«...«i,......i....«.  S 

ICX) 

'  ile  obtdned  fitmi  it  likewue  a  qiiaitdty  of  benaoie  aci^ 

but   oonoeives   that  this  add   was  fixiiiiedl   during  thi 

process.* 

ttecMML     tV.  The  urine  of  the  camd  .%iBi  also  etsrtin^  hf, 

Aoudle.    Itopdonl*resefnUesthatofthenriterftheeofr;| 

.  its  colour  is  iliat  <tf  beer;  itisnot'mncili^bion%  inddoes 

•  .not  deposit  caibonate  of  lime.    Itgiyesaflreen  eotout.tcf 

'  syrup  of  tioletSy  and  effervesces  ^fm  adds  uke  the  urine  of 

ihe  horse  and  cote,    Rouelle  obtained  from  it, 

1.  Carbonate  of  potash.        S.  Muriate  of  potasb» 
9.  Sulphate  of  potash.  4.  Urea. 

This  urine  has  been  more  recently  examined  by  Mr,r 
Brandct    He  obtained  from  it  the  following  substances: 

Water 75 

Phosphate  of  lime 
Muriate  of  ammonia 
Sulphate  of  potash 
L/rate  of  potash 
Carbonate  of  potash 

Muriate  of  potash 8 

Urea 6 

Loss.  • 5 

100 
Chevreul  subjected  the  urine  of  the  camel  to  a  rigid  ex- 

*  AaB.d»Chiai.  bnrii.  268.  f  Ibid.  966. 
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aminattoil,  oii  purpose  to  ascertain  whether  it  really  con-   Chap.  II. 
tinned  the  phosphate  of  lime  Announced  as  a  constituent  of  ^— v*^ 
it  by  Mr.  Bi*ancle.     He  could  detect  none  of  it  whatever, 
but  separated  from  the  urme  of  the  camel  the  following 
substances : 

Albumen.  A  little  sulphate  of  soda« 

Carbonate  of  lime.  Much  sulphate  of  potash. 

Carbonate  of  magnesia.  A  little  carbonate  of  potash. 

Silica.  Benzoic  acid* 

An  atom  of  sulphate  of  lime.  Urea. 

A  trace  of  iron  A  red  oil,  to  which  the  urine 
Carbonate  of  ammonia.  owes  its  smell  and  colour. 

A  little  muriate  of  potash. 

The  last  substance,  the  oil,  seems  to  have  been  taken  by 
Brande  for  uric  acid.* 

V.  The  urine  of  the  rabbit  has  been  analysed  by  Vau-  The  rabbit. 
quelin.     When  exposed  to  the  air,  it  becomes  milky,  and 
deposits  carbonate  of  lime.     It  gives  a  green  colour  to 

qmip  of  violets,  and  eiFervesces  with  acids.     That  chemist 
detected  in  it  the  following  substances : 

1.  Carbonate  of  lime.  6.  Muriate  of  potash. 

2.  Carbonate  of  magnesia.  7.  Urea. 

3.  Carbonate  of  potash.  8.  Gelatin. 

4.  Sulphate  of  potash.  9.  Sulphur. 

5.  Sulphate  of  lime. 

VI.  Vanquelin  has  also  made  some  experiments  on  the  The  guinea 
urine  of  the  guinea  pig ;  from  which  it  appears  that  it  re-  P'^' 
sembles  the  urine  of  the  other  quadrupeds.     It  deposits 
carbonate  of  lime,  gives  a  green  colour  to  syrup  of  violets, 

and  contains  carbonate  and  muriate  of  potash,  but  no  phos- 
phate nor  uric  acid.t 

VII.  The  urine  of  thp  lion  and  tiger  is  alkaline  at  the  The  lion 
moment  of  its  emission.     It  contains  a  quantity  of  am-  and  tiger. 
monia.    It  is  destitute  of  uric  acid  and  of  phosphate  of 

lime.     Its  constituents  as  determined»by  Vauquelin  are  the 
fiilIowing4 

«  Ann.  de  Chiin.  Ixvii.  S94.  f  Pourcroy,  x.  181. 

t  Ana.  d«  ChiiB.  Ixixii.  198. 
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HookV.    1.  Urcn.  5.  Muriate  of  ammonia. 

^"^"""^  2.  Animal  mucun.  6.  Trace  of  pliosphateof  lime. 

3.  Phoaphnte  of  soda.  7.  Much  sulphate  of  potash. 

4.  Phosphate  of  tuiimonta.      8.  A  trace  of  muriate  of  soda, 
nic  euwi.     Vin.  The  urine  of  the  castor  has  a  striking  resemblajjce 

to  tliiit  of  herbivorous  atiimals  in  generaL  VauqucUn  ob- 
tniucd  from  it  the  following  substances ;  * 

1.  Urea.  5.  Acetate  of  magnesia? 

2.  Animal  mucus.  6.  Sulphate  of  potiisli. 

5.  Benzoate  of  potash.  7-  Muriatesofpotashandsoda. 
4.  Carbonates  of  lime  and       8.  Vegetable  colouring  matter. 

magnesia.  D.  Trace  of  iron. 

ta«I«-  IX.  From  the  experiments  of  Fourcrov  and  A'auquelin, 

we  learn  that  the  urine  of  domestic  fowls  contains  uric 
■*  Bcid.t 

The  existence  of  that  acid  in  the  urine  of  fowls   was 
t  called  in  question  by  Gehlen ;  but  it  liaa  been  fully  con- 

firmed by  the  experiments  of  Chevreul,  J 
Iiiuryei-      X.  Some  experiments  o«  the  urinary  excretions  of  cer- 
iwiona  uf  j^;„  insccis  have  been  made  by  M.  Scholi.    He  obt^ed 
from  it  the  following  constituents: 

Uric  add. jH 

Anunonia.  ..• 9 

Phophate  cf  lime. 3*83 

9938} 


Tax  c9ccremaititi(Mu  matter  of  animabij  evacDated  ptr 
anum,  consists  of  all  that  part  of  the  food  whidb  caaoot 
be  employed  for  the  pnrposea  of  nutrition,  eonsidenUf 
altered,  at  leaat  in  part,  and  mixed  or  united  with  vaiioaa 
bodies  employed  daring  digestion  to  separate  the  useless 
parts  of  the  food  &om  the  nutritious.     An  accurate  exaini* 


t  Jour,  da  Pbjk  lis.  M. 
$  qilbtrAij      -     — ■■  ■ 
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nation  of  these  matters  has  long  been  wished  for  by  phy-  ^Chap.ji. 
liologists,  as  likely  to  throw  much  new  light  on  the  process 
of  digestion.  For  if  we  knew  accurately  the  substances 
which  were  taken  into  the  body  as  food,  and  all  the  new 
substances  which  were  formed  by  digestion ;  that  is  to  say, 
the  component  parts  of  chyle  and  of  excrement,  and  the 
variation  which  di0erent  kinds  of  food  produce  in  die 
excrement,  it  would  be  a  very  considerable  step  towards 
ascertaining  precisely  the  changes  produced  on  food  by  di- 
gestion. 

Some  of  the  older  chemists  had  turned  their  attention  to 
the  excrements  of  animals ;  *  but  no  discovery  of  import- 
ance rewarded  them  for  their  disagreeable  labour.  Vau« 
quelin  has  ascertained  some  curious  facts  respecting  the  ex- 
crementitious  matter  ot  fowls.  In  the  summer  of  1806,  a 
laborious  set  of  experiments  on  human  feces  was  published 
by  Berzelius,  undertaken,  as  he  informs  us,  chiefly  with  a 
view  to  elucidate  the  function  of  digestion,  f  About  two 
years  before,  Thaer  and  Einhof  had  published  a  similar 
set  of  experiments  on  the  excrements  of  cattle;  made 
chiefly  to  discover,  if  possible,  how  they  act  so  powerfully 
as  manure.  X  I  shall  in  this  Section  give  a  view  of  the  re- 
sults obtained  by  these  different  chemists. 

I.  The  appearance  of  human  feces  requires  no  particn-  Hamaa 
lar  detail.  Their  colour  is  supposed  to  depend  upon  the  '***** 
bile  mixed  with  the  food  in  the  alimentary  canal.  When 
too  light,  it  is  supposed  to  denote  a  deficiency  of  bile; 
when  too  dark,  there  is  supposed  to  be  a  redundancy  of 
that  secretion.  The  smell  is  fetid  and  peculiar,  which  after 
some  time  gradually  changes  into  a  sourish  odour.  The 
taste  is  sweetish  bitter.  The  colour  of  vegetable  blue  infu- 
sions is  not  altered  by  fresh  feces,  indicating  the  absence 
of  any  uncombined  acid  or  alkali.§ 

1.  The  consistency  of  human  feces  varies  considerably 
in  different  circumstances ;  but  at  a  medium,  they  may  be 
itated  to  lose  three^fourths  of  their  weight  when  dried  upon 
a  water  bath.  || 

8.  They  do  not  mix  readily  with  water ;  but  by  su£Scient 

•  Van  Helmont's  Gustos  Emms.  Sect.  vi.  Opera  Helmooty  p.  147* 
Neumann's  Works,  p.  585.  f  Gehlen's  Joar.  vi.  509. 

I  GoUea'i  Joor.  iu.  S76.  S  Ibid.  n.  51S.         |  Ibid.  tL  535. 
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Book  V.  agitation  and  maceration,  jthey  may  be  diffused  through  it 
^^  v'^*^  The  liquid,  in  this  statei  being  striuned  through  a  linen 
cnSr*'**'  cloth,  leaves  a  matter  of  a  greyish-brown  colour,  reuining 
a  peculiar  odour,  which  adheres  long  and  obstinately  to  all 
those  substances  that  come  in  contact  with  tliis  residue. 
When  dried,  this  substance  exhibits  the  remains  of  vege- 
table matters  used  in  food,  and  perhaps  also  of  some  ani- 
mal matters.  Its  quantity  amounts  to  about  seven  per  cent, 
of  the  feces.* 

3.  The  strained  liquid  deposited,  on  standing,  a  ydlow- 
ish-giecn  slimy  matter,  which  was  separated  by  the  filter. 
It  auiountcd  when  dry  to  14  percent,  of  the  feces  employed. 
From  the  numerous  experiments  of  Berzclius  upon  this 
jnattcr,  it  appears  to  be  composed  chiefly  of  three  sub- 
stances:   1.  A  fatty  matter,  separated  by  means  of  alcohol, 
which  possesses  many  properties  in  common  with  picro- 
^el,   and  which  Berzclius  considers  as  that  substance  a 
little  altered.      2.    A  peculiar  yellow-coloured  substance 
dissolved  by  water  after  the  iatty  matter  is  removed.     Tfaii 
substance  Berzclius  compares  to  gelatin ;  but  it  appears  to  be 
rather  more  closely  allied  to  mucus,  or,  at  least,  to  contain 
mucqs  as  a  constituent.     It  dissolves  in  water,  but  not  in 
alcohol;  tannin  makes  its  solution  muddy,  but  occasions 
no  precipitate ;  acetate  of  lead  occasions  a  copious  white 
precipitate,  but  does  not  deprive  the  solution  of  its  yellow 
colour.     It  soon  runs  to  putrifaction,  exhaling  the  odour 
of  putrid  urine.      3.    A  greenish-grey  residue,    insoluble 
Ijoth  in  water  and  alcohol,  and  leayipg,  when  incinerated, 
some  silica  and  phosphate  of  potash.f 

4.  The  liquid  which  passed  through  the  filter  was  at  first 
li<rlit-yeilow;  but  by  exposure  to  the  air  jt  became  brown, 
which  gradually  deepened  in  colour,  till  tlie  solution  grew 
at  last  muddy.  WTien, concentrated  by  evaporation,  small 
transparent  crystals  made  their  ^pearance :  which  proved, 
on  examination,  to  be  crystals  pf  amroonio-phosphate  of 
piagnesia.  The  solution,  on  examination,  was  found  to 
contain  the  following  substances:  1.  Albumen,  which  was 
obtained  by  mixing  the  concentrated  solution  with  alcobol. 
The  precipitate  consisted  of  a  mixture  of  albumen  and 
phosphoric  salts.     The  albumen  obtained  from  100  part^ 

*  GehUu's  Jour.  vi.  513.  f  Ibid.  636-^.534, 


of  feoe§  amounted  only  to  0-9  parts.  ^.  Bile.  By  this  chip,  ii.^ 
JBerzelius  understood  a  mixture  of  picromel  and  soda. 
The  presence  of  this  substance  was  inferred  from  the  nature 
of  the  predpitate  obtained  by  acids,  and  the  salt  of  soda 
obtained  by  evaporating  the  residue.  'The  quantity  con- 
tained in  100  parts  of  feces  was  0*9.  3.  A  peculiar  substance, 
of  a  reddish-brown  colour,  soluble  both  in  water  and  al- 
cohol. Acids  give  it  an  intense  brown  colour.  A  small 
quantity  of  tannin  throws  it  down  of  a  red  colour  and  in  a 
pulverulent  form  ;  a  large  quantity  throws  it  down  in  grey- 
ish-brown flakes.  It  is  precipitated  by  muriate  of  tin, 
nitrate  of  silver,  and  acetate  of  lead.  When  heated  it  melts 
and  emits  the  smell  of  ammonia.  It  leaves  behind  it  when 
burnt,  traces  of  soda  and  of  phosphoric  salts.  Bcrzelius 
supposes  that  thb  substance  is  formed  from  the  picromel, 
by  some  change  which  it  undergoes  after  the  feces  are  ex- 
posed to  the  air.  The  quantity  of  it  obtained  from  100 
part  of  feces  was  2*7  parts.  4.  Various  salts :  these  in  all, 
from  100  parts  of  feces  (including  the  ammonio-phosphate 
of  magnesia),  amounted  to  1*2  parts.  Their  relative  pro- 
portions were  as  follows : 

Carbonate  of  soda •  •  35 

Muriate  of  soda  ••.•.••....•••     4 

Sulphate  of  soda     2 

Amm.-phosphate  of  magnesia   • .     2 
Phosphate  of  lime •  •  •    4 

Such  are  the  constituents  of  human  feces,  according  to 
the  experiments  of  Berzelius.  The  foUowiiig  table  exhibits 
the  result  of  his  analysis.* 

Water 73*3 

Vegetable  and  animal  remains 7*0 

Bile    0*9 

Albumen    • 0*9 

Peculiar  and  extractive  matter 2*7 

Salts 1-2 

Slimy  matter;  consisting  of  picromel,  pe-"^ 

culiar  animal  matter,  and  insoluble  re-  >  14*0 

sidue  • .  •  • J 


100*0 


•  Oehleo's  Joar.  n.  536. 
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IL  The  excrementitiocM  initier  examined  bjr  Thaar  aad 
Einhof  was  that  of  cattle  fisd  at  the  ataU,  chiefly  cm  UunqM.' 
It  had  a  yclIowUh-green  cokmr,  a  tmell  somewhat  similar 
to  that  of  musk,  and  but  little  taste.  Its  q)eeific  gravity 
was  1*045.  It  did  not  alter  vqjetable  blues,  and  ofcouTM 
contained  no  uncombined  acid  or  alkalL 

1.  Sulphuric  acid,  when  mixed  with  this  matter,  deve- 
lopes  the  odour  of  acetic  acid ;  but  Thaer  and  Elinhof 
have  shown  that  this  acid  does  not  exbt  in  the  feces,  but  is 
formed  by  the  action  of  the  sulphuric  add.  The  pure  al- 
kalies, nitric  and  muriatic  acids,  produce  little  change  on 
the  feces  of  cattle,  at  least  when  not  assisted  by  heat. 

2.  When  100  parts  are  dried  on  a  steam  bath,  they  leave 
S84-  of  solid  matter. 

S.  When  eight  ounces,  or  3840  grains,  were  diffused 
through  water,  they  let  fidl  a  quantity  of  sand,  weighing  45 
grains. 

4.  The  watery  solution,  being  stramed  through  a  linen 
doth,  left  600  grains  of  a  yellowish  fibrous  matter,  which 
possessed  the  properties  of  the  fibrous  matter  of  plants.* 

5.  The  liquid,  on  standing,  deposited  a  slimy  substance^ 
which  was  separated  by  filtration.  It  wdg^hed  when  dry 
480  grains.  To  this  matter  the  feces  owe  thdr  peculitf 
colour  and  smell.  It  was  insoluble  in  water  and  alcohoL 
When  heated  it  smelled  like  ox  bile.  It  burnt  like  ve- 
getable matter.  Alkalies  scarcely  afiectcd  it  Sulphuric 
acid  developed  the  odour  of  acetic  acid.  Chlorine  ren* 
dered  it  yellow.  Thaer  and  Einhof  considered  this  sub- 
stance as  the  remains  of  the  vegetable  matter  employed  si 
food  by  the  cattle ;  but  it  is  extremely  probable  that  ft 
might  contain  also  a  portion  of  picromel,  as  Benelios 
detected  that  substance  in  similar  matter  from  the  human 
feces. 

6.  The  filtered  solution  passed  through  colourless,  but 
on  exposure  to  the  air  became  in  a  few  minutes  wine-ydlow 
and  then  brown.  When  evaporated  to  dryness  it  left  a 
brownish  matter,  of  a  bitterish  tastc^  and  weighing  90 
grains.  It  was  soluble  in  water,  insoluble  in  alcohol,  and 
precipitated  fi-om  water  by  that  liquid.  It  was  not  preci- 
pitated by  infusion  of  gaUs.    The  solution  was  found  to 

f  GehlsD,  ut.  996. 


oonfeun  itane  phoq^oric  lalti.  The'  '90  grnnt  of  reridne,  Chip.  ii. 
when  heated)  burnt  like  animal  matter.  They  soon  ran  ^^-^v-*-^ 
into  putrifaction,  exhaling  ammonia.  * 

7.  When  evaporated  to  dryness  and  burnt,  this  excre- 
mentitious  matter  left  behind  it  an  ash,  which  was  found 
(not  reckoning  the  sand)  to  consist  of  the  following  salts 
and  earths  in  the  proportion  stated:  f 

Lime  ••.••• 12 

Phosphate  of  lime  •  •  • 12*5 

Magnesia   •  •  •  •  •    2 

Iron   5 

Alumina  with  some  manganese      U 

Silica , .52 

Muriate  and  sulphate  of  potash      1*2 

8.  Tbaer  and  Einhof  made  numerous  experiments  oa 
the  putrifaction  of  cow  dung,  both  in  close  vessels  and  in 
the  open  air,  from  which  it  would  s^^ar  that  the  process 
resembles  closely  the  putri&ction  of  v^;etable  matter;  the 
oxygen  of  the  air  being  abundantly  changed  into  carbonic 
acid,  j: 

III.  To  Vauquelin  we  are  indebted  for  an  analysis  of  the  Ezero- 
fixed  parts  of  the  excrements  of  fowls,  and  a  comparison  ^^ 
of  them  with  the  fixed  parts  of  the  food ;  from  which  some 
very  curious  consequences  may  be  deduced. 

He  found  that  a  hen  devoured  in  ten  days  11111*845 
grains  troy  of  oats.     These  contained 

Phosphate  of  lime 126*509  grains 

Silica 219*548 

356-057 

I>uring  these  ten  days  she  laid  four  eggs ;  the  shells  of 
which  contained  98*779  grains  phosphate  of  lime^  and 
458*417  grains  carbonate  of  lime.  The  excrements  emitted 
during  these  ten  days  contained  175*529  grains  phosphate 
of  lime,  58*494  grains  of  carbonate  of  lime^  and  185*266 
grains  of  silica.  Consequently  the  fixed  parts  thrown  oat 
<sf  the  system  during  these  ten  days  amounted  to 

^  Gehlen,  iii.  £87*  t  Ihid-  $31.  t  ll>i(l.  395, 313. 
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pAltTs  or  ahAtals:  * 

Phosphate  of  lime  .../....••  274*S05  grains. 

Carbonate  (^  lime   511*911 

Silica 185*266 

Given  out 971*482 

Taken  in 856-057 

Surplus 615*'^25 

Consequently  the  quantity  of  fixed  matter  given  out  of 
the  system  in  ten  days  exceeded  the  quantity  taken  in  by 
615*425  grains. 

The  sih'cn  taken  in  amounted  to. •  • .  219*548  grains. 
That  given  out  was  only    185*266 

Remain       34*282 
FowitMem      Consequently  there  disappeared  34*282  grains  of  silica. 

to  form 

IJJJI^^         The  phosphate  of  lime  taken  in  was  • .  1 36*509  grains. 
nu^        That  given  out  was 274*305 

137-796 

Consequently  there  must  have  been  formed,  by  digestion 
in  this  fowl,  no  less  than  137*796  grains  of  phosphate  of 
lime,  besides  511*911  grains  of  carbonate.  Consequendy 
lime  (and  perhaps  also  phosphorus)  is  not  a  simple  sub- 
stance, but  a  compound,  and  formed  of  ingredients  which 
exist  in  oat-seed,  water,  or  air,  the  only  substances  to  which 
the  fowl  had  access.  Silica  may  enter  into  its  composition, 
as  part  of  the  silica  had  disappeared ;  but  if  so,  it  must  be 
combined  with  a  great  quantity  of  some  other  substance.* 

These  consequences  are  too  important  to  be  admitted 
without  a  very  rigorous  examination.  The  experinient 
must  be  repeated  frequently,  and  we  must  be  absolutdy 
certain  that  the  hen  has  no  access  to  any  calcareous  earthy 
and  that  she  has  not  diminished  in  weight ;  because  in  that 
case  some  of  the  calcareous  earth,  of  which  part  of  her 
body  is  composed,  may  have  been  employed.  This  rigour 
is  the  more  necessary,  as  it  seems  pretty  evident,  from  ex-* 
periments  made  long  ago,  tliat  some  birds  at  least  cannot 
produce  eggs  unless  they  have  access  to  calcareous  eartlu 

*  Add.  de  Chim.  xxix.  61. 
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Dr.  Fordyce  found,  that  if  the  canary  iHvd  was  not  supplied  Chan.  ii. 
with  h'me  at  the  time  of  her  laying,  she  frequently  died,  ^ 
from  her  eggs  not  coming  forward  properly,*  He  divided 
a  number  of  these  birds  at  the  time  of  their  laying  eggs 
into  two  parties :  to  die  one  he  gave  a  piece  of  old  mortar, 
which  the  little  animals  swallowed  greedily  ;  they  laid  their 
eggs  as  usual,  and  all  of  them  lived ;  whereas  many  of  the 
other  party,  which  were  supplied  with  no  lime,  died,  f 

Vauquelin  also  ascertained,  according  to  Fourcroy,  that 
pigeons'  dung  contains  an  acid  of  a  peculiar  nature,  which 
increases  when  tlie  matter  is  diluted  with  water;  but  gra- 
duiiUy  gives  place  to  ammonia,  which  is  at  last  exlialed  in 
abundance.  X 

IV.  The  white  matter  voided  by  dogs  who  feed  cliiefly 
on  bones,  was  formerly  used  in  medicine  under  the  name  of 
albuffi  grceaim.  It  has  not  been  examined  by  modern  che- 
mists; but  is  supposed  to  consist  in  a  great  measure  of  tbo 
^ai*thy  pai*t  of  the  bones  used  as  food.§ 


SECT.  XXVIII. 

OF  MOBBID   CONCRETIONS. 

Hard  substances  occasionally  make  tlieir  appearance  in  History. 
different  parts  of  the  animal  body,  both  in  the  solids  and 
In  the  the  cavities  destined  to  contain  the  fluids.  In  the 
first  case,  they  are  usually  denominated  concretions  or  ossifi- 
cations; in  tne  second,  calculi.  The  knowledge  of  these 
bodies  is  of  importance  both  to  the  physiologist  and  phy- 
sician. The  formation  is  an  irregularity  in  the  animal 
economy,  and  is  likely  therefore  to  throw  light  upon  its 
functions ;  for  we  succeed  best  in  detecting  the  secrets  of 
Nature  when  she  deviates  from  that  regularity  which  she 
usually  follows.  They  often  produce  the  most  excruciating 
diseases;  and  the  sufierings  of  the  patient  can  only  be 
effectually  relieved  by  removing  their  cause.  The  different 
animal  concretions  at  present  known  may  be  divided  into 
five  classes :  • 

•  ^  On  Digestion,  p.  «5.  t  IW'J.  p.  26. 

J  Fourcn>y,  x.  ?0.  §  Keiimann^s  Chemistry,  p.  5M. 


FASTS  OV  AmCAU. 

1.  Olnifi€fltioiia.  •  4.  Urinary  calcofi. 

2.  Intestmal  concretions.         6.  Gomty  calcolL 
^^            S.  Bili«7  calculL 

We  shall  take  a  view  of  each  of  these  dasses  in  order. 

I.  OSSIFICATIONS. 

All  the  concretions  which  make  their  appearance  in  the 
solids  of  the  animal  body  may  be  comprehended  under  this 
title  with  propriety;    because  they  have  all  a  dose  re* 
semblanee  to  bone,  being  composed  of  simOar  constituents. 
The  following  are  the  most  remarkable  of  these  omcre- 
tions. 
1.  Pinetl        !•  Pineal  concretions* — It  is  well  known  to  anatomists  dist 
^^"'^'^^^^^*  small  concretions  like  sand  are  often  found  lodged  in  thit 
part  of  the  brain  called  the  fmeal  gland.     It  was  suqpected 
from  analogy  that  they  consisted  chiefly  of  phosjdiate  of 
lime ;  but  Dr.  WoUaston  was  the  first  who  examined  them 
chemically,  and  proved  the  truth  of  this  opinion.     He  dis- 
solved some  of  the  sand  in  nitric  acid,  and  evaporated  the 
solution ;  small  crystalline  needles  made  their  appearance^ 
indicating  the  presence  of  phosphate  of  lime.* 
f .  StlWiry      2.  Salivary  concretions. — Small  concretions  occasionally 
**"*^'**'  make  thdr  appearance  in  the  salivaiy  glands,  especially  the 
parotid  and  sublingual     From  the  experiments  of  WoUas- 
ton and  of  Fourcroy,  we  learn  that  the  basis  of  these  con- 
cretions is  phosphate  of  lime^  united  to  a  membranous  sub- 
stance, which  retains  the  shape  of  the  concretion  after  the 
solution  of  the  phosphate.    This  at  least  was  the  case  in  s 
small  salivary  calculus  which  I  exainined.t     In  a  sab'faiy 
concretion  weighing  1-^  grain,  examined  by  Dr.  Bostock, 
the  whole  consisted  of  phosphate  of  lime^  excepting  a  few 
films  of  matter  which  was  considered  as  coagulated  albu- 
men.): 
s.  PtacretP     8.  Pancreatic  concretions. — The  hard  substances  some- 
*|f^cfe-  ^es  found  in  the  pancreas  are  said  to  be  of  the  same  nature 


*  See  Dr.  WoOaston's  important  paper  on  Urinary  and  Oootj  Con- 
cretions, Phil.  Trans.  1797,  p.  S86.  I  shall  have  oocaaion  to  refer  lo 
it  very  frequentlj  in  the  subsequent  part  of  this  Section. 

t  Wollastoo,  Phil.  Trans.  1797,  p.  306.    Fourcroy,  is.  367. 

]  Nicholson'i  Joar.  xiii.  374. 
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with  those  of  the  saliyary  glands.    The  assertion,  I  presume,  Cbtp.  il. 
is  merely  from  analogy.  '^"*v**' 

4.  Pulmonary  concreiims. — Many  people  subject  to  cough,  4.  Pulmo- 
or  threatened  with  consumption,  occasionally  cough  up  ""7  ^^^ 
imall  rounded  white  concretions.     It  is  very  common  to 

find  the  lungs  of  such  persons  filled  with  similar  bodies. 
I  examined  some  of  these  bodies  coughed  up  by  a  consump- 
dye  patient,  and  found  them  composed  of  phosphate  of 
lime  united  to  a  tliick  membranous  substance^  which  re- 
tained the  form  of  the  concretion.  The  same  result  had 
been  obtained  long  before  by  Fourcroy."*  It  is  probable 
that  pulmonary  concretions  very  frequently  contain  both 
phosphate  and  carbonate  of  lime.  This,  Dr.  Henry  in- 
fi>rms  me^  was  the  case  with  several  of  these  bodies  exa- 
mined by  him.  In  some  cases  they  appear  to  contain  no 
phosphate.  Thus  a  pulmonary  calculus  examined  by  Mr. 
Crumpton  f  was  composed  of 

Carbonate  of  lime 82 

Animal  matter  and  water 18 

100 

5.  Hepatic  concretions. — The  liver  also  is  sometimes  full  5.  Hcptdc 
of  similar  bodies.     The  shape  of  the  hepatic  concretions,  as 
fitr  as  my  observations  go,  is  more  irregular,  and  I  have 
seen  them  of  greater  size  than  the  pulmonary  concretions. 

By  my  analysis,  they  are  composed  of  phosphate  of  lime 
and  a  tough  animal  membranous  matter. 

6.  Concretions  in  the  prostate. — From  the  experiments  of  s.  Omcre- 
I>r.  Wollaston,  we  learn  that  the  concretions  which  some- 11°"*  *"  ^^^ 
times  form  in  the  prostate  gland  have  likewise  phosphate  of 

lime  for  their  basis. 

7.  The  extremities  of  the  muscles  and  the  larger  blood  7.  Ossifica- 
vessels  sometimes  harden,  and  assume  the  appearance  of  ^^^^* 
bone.     It  is  believed  that  this  change  is  a  real  ossification, 

or  that  these  bodies  are  converted  into  real  bone.    I  do  not 
know  whether  any  such  ossifications  have  been  analysed. 

II.   INTESTINAL  CONCRETIONS. 

Concretions  of  very  considerable  size  are  sometimes  found  Hiitoiy. 
lodged  in  the  stomach  and  intestines;  seldom  indeed  in  the 

•  Ann.  de  Chim  xfi.  91.  t  Phil  Bfag.  »ii.  987. 
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¥iXrt  or  ATtjntsjL. 


■  h&oj,  (Ml  wton  nniiKsiuT  la  tmse  of  nf  hrfenof 

II    Smhc  of  iliac  bodia  h»Tc  ecqaired  grat  crl^ 

hrityaider  ^  iiMBe  of  bxaon .-  bat  Uieir  m«£cil  Tutuct 

~  I  kaN  M  lUi  eoBBoy,  hm  loof;  ago  sunk  to  in  joA  levd. 

t  «  to  Fottrcn;  aad  Vmqpffa  that  we  ore  indtbiRl  Tor 

I  all  ifae  knowledge  of  ibae  coocretioiu  which  we 

1.     They  ham  SadaguAed  no  Sewer  Haa   scwta 

[  i^edn  of  dban,    all  compaaal  of  dtSereoi   ingndienb. 

I  These  ipeda,  ditfaignBAed  ti;  die  consdliKiiu  oTeadi,  SK, 

4.  BOiary.  ^^M 

a.  ResDom.        -^BH 

7.  Havy.  -^ 

if   lime. — The  blettinal  concretiooa, 

a  fpeci»  arc  compofci]  of  concentrk:  layers, 

M«3j  Kpnable  from  each  other  aod  very  bn'tUe.     They 

I  niSea  vegriable  bhiesr  and  are  partiallj  Mlublc  in  water. 

I  The  layen  are  unequally  ihtck,  ami  ili&r  in  tbeir  colour .f 

^  y  wen  Ioiuk]  in  the  inlMtioet  of  dificreot  mamntaliiii 

S,  PhaifAafc  ofmagjieaa. — ITicw;  cuDcretions  are  uncom- 
■Don.  They  are  ■emitrajuparent,  and  have  dsobUj  a  yd-- 
lowish  colour.  Their  qiecific  gravity  is  2']60.  The;  aie 
formed  of  layers  Um  nameroua  and  not  so  easily  aepanted . 
as  those  of  the  preceding  qiedea.]: 

3.  Phosphate  o^  ammoniarimd-magiieaa. — ^This  ^lecies  i*- 
the  moat  ctHnmon  of  the  intestinal  concretions.  Its  colosr 
is  grey  or  brown,  and  it  is  composed  of  cr}'stal8  divoiginf . 
like  rajrs  from  a  centre.  It  has  some  resonblance  to  calf 
carcons  spar.  It  contains  abundance  of  animal  matter. 
This  q>ecies  occnrs  frequently  in  the  intestioes  of  herbiYO- 
rtmt  animals,  as  die  horsey  the  elephant,  &c 

4.  Binary. — This  is  a  species  of  concretion  fbimd  fr^ 
quently  in  the  intestines  ot  oxen,  and  likewise  in  thcar  gall- 
bladder, sod  employed  by  painters  as  an  oraoge-ydUow 
pigment  Its  colour  is  reddish-brown.  It  is  not  com- 
posed of  layers,  but  is  merely  a  coagnlated  mass,  and  ap> 
pears  to  be  but  little  di&rent  from  the  matter  of  bile. 

«  Ann.  d«  Hus.  dUist  NaL  ir.  S31.        t  Hnd.  i.  109,  umI  it.  SSL 

J  lUd,  i*.  SS3. 
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When  heftted  it  melts.    It  dissolves  readQy  in  alkalies.   Chap.  II. 
Alcohol  dissolves  it  partially,  and  acquires  a  very  bitter 
taste.* 

5.  Resinous. — ^To  this  species  belong'many  of  the  oriental 
bezoarSj  formerly  so  celebrated,  obtained  from  the  intes- 
tines of  animals  with  which  we  are  unacquainted.  They 
are  fusible  and  combustible,  composed  of  concentric  layers, 
flnKX>Ch,  soft,  and  finely  polished.  Fourcroy  and  Vauquelin 
have  distinguished  two  varieties  s  the  first  of  a  pale-green 
colour,  a  slighdy  bitter  taste^  almost  completely  volatile ; 
giving  by  heat  a  solid  tenacious  matter,  soluble  in  alcohol, 
and  separating  in  crystals  as  the  solution  cools.  This  mat- 
ter consists  partly  of  bile,  partly  of  resin.  The  second 
variety  has  a  brown  or  violet  colour;  its  taste  is  not  bitter; 
it  does  not  dissolve  in  alcohol,  but  is  soluble  in  alkalies. 
The  solution  becomes  purple-red  when  allowed  to  dry  in 
the  open  air.  When  distilled  it  yields  a  yellow  sublimate, 
having  the  smell  and  taste  of  soot,  and  insoluble  in  water 
and  alcohoLf 

6.  Fungous,  This  species  consists  of  concretions  com- 
posed of  pieces  of  the  boletus  igniariuSj  disposed  in  layers^ 
and  cemented  by  an  animal  matter.  These  pieces  had  been 
doubtless  swallowed  by  the  animals  in  whose  intestines  thej 
were  found.  I 

7.  Hairy. — Balls  of  hair  felted  together,  sometimes  pure^ 
KMuetimes  covered  with  animal  matter,  and  sometimes  mixed 
with  vegetable  remains,  occur  very  frequently  in  the  intes^ 
tines  of  animals.§ 

8.  Ligmform. — This  eighth  species  must  be  added  in 
consequence  of  the  experiments  of  B^thollet  Among. the 
presents  sent  to  Bonaparte  by  the  king  of  Persia  were 
three  beixmrs,  which  were  consigned  to  BerthoUet  for 
analysis.  They  all  belonged  to  this  species.  They  had  an 
oval  shape,  and  a  very  smooth  surface.  Their  colour  ex- 
ternally was  greenish-black|  internally  brown.  They  were 
formed  of  irregular  concentric  layers.  In  the  centre  of  one 
was  found  a  collection  of  straws  and  other  vegetable  frag- 
ments; in  that  of  the  others,  small  pieces  of  wood  about  the 
sise  of  a  pin.    Their  specific  gravity  was  1*468.    They  were 

«  Ann.  de  Mus.  d'Hist.  Nat.  iv.  SSS.       f  Ibid.  334.      %  Ibid.  335. 
S  Ibid.  adtf. 
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Book  y.  inaolable  in  water,  alcohol,  and  diluted  muriatic  acid.  Fo- 
^■■V  ^  tasb  ley  dissolved  them  readily,  and  they  were  thrown  dovn 
unaltered  by  muriatic  acid.  When  distilled  they  yielded 
the  products  of  wood,  and  left  a  quantity  of  charcoal  in  the 
retort,  which,  when  incinerated,  gave  traces  of  sulphate  of 
soda,  muriate  of  soda,  lime,  and  silica.  Thus  it  appean 
that  they  possessed  all  the  properties  of  pure  woody  fibre. 
They  must  have  been  formed  in  the  stomach  of  the  «tnimak, 
and  not  in  the  alimentary  canaL* 

III.      BILIARY  CALCULI. 

Hifioij.  Hard  bodies  sometimes  form  in  the  gall-bladder,  or  in 
the  duct  through  which  the  bile  passes  into  the  intestinal 
canal,  and  stop  up  the  passage  altogether.  These  concie- 
tions  have  got  the  name  of  biliary  calatli  or  gidUsUmts. 
They  naturally  drew  the  attention  of  physicians,  because  it 
was  soon  ascertained  that  they  occasioned  the  disease  caDed 
jaundice.  Accordingly  they  were  examined  and  described 
by  different  chemists;  and  the  facts  ascertained  before  1764 
were  collected  by  Haller  in  the  sixth  volume  of  bis  Physio- 
l^gy*  Since  that  period,  a  treatise  has  been  published  on 
thim  by  Vicq  d'Axyr ;  and  several  new  fects  have  hem  dis- 
covered by  Poulletier  de  la  Sale^  Fourcroy,  Gren,  and 
Saunders.  Thenard  has  lately  sul^ted  them  to  examina* 
tion.f 
Divisible  Such  of  the  biliary  calculi  as  have  been  hitherto  examined 
JjJ^"'     with  attention  may  be  arranged  under  four  classes. 

1.  The  first  kind  comprehends  those  which  have  a  white 
colour,  and  A  crystallized,  shining,  lamellated  structure. 
They  consist  of  adipocire*. 

S.  The  second  species  are  polygonal,  of  a  light  grevish- 
brown  colour.  Externally  they  have  a  covering  composed 
of  thin  concentric  layers,  within  a  matter  either  crystallized 
or  having  the  appearance  of  coagulated  honey.  They  are 
composed  chiefly  of  adippcire ;  but  contain  a  small  portion 
of  brown  matter,  considered  as  matter  of  bile  a  litde  altered. 
8.  The  third  kind  are  of  a  brown  colour,  and  are  supposed 
to  be  composed  of  altered  matter  of  bile. 

4.  The  fourth  comprehends  those  gall-stones  which  do 
not  flame,  but  gradually  waste  away  at  a  red  heat 

•  Mem.  d'Arcueil,  ii.  448.  f  IVid.  i  49, 
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Let  ns  take  a  view  of  each  of  these  classes  of  biliary  Chap.  IL 
calculi.  ^^y/"^ 

1.  The  first  species  of  biliary  calculi  was  pointed  out  for  isc  Specki 
the  first  time  by  Haller  in  a  dissertation  published  in  1749.  [^I^accu. 
Walthcr  afterwards  added  several  new  facts ;  and  at  last  ic 
was  accurately  described  by  Vicq  d'Aag^r.  It  is  almost  al- 
ways of  an  oval  shape,  sometimes  as  large  as  a  pigeon's  egg, 
but  commonly  about  the  size  of  a  sparrow's ;  and  for  the 
most  part  only  one  calculus  (when  of  this  species)  is  found 
in  the  gall-bladder  at  a  time.  It  has  a  white  colour;  and 
when  broken,  presents  crptalline  plates  or  strise,  brilliant 
and  white  like  mica,  and  having  a  soft  greasy  feel.  Some- 
times  its  colour  is  yellow  or  greenish ;  and  it  has  constantly 
a  nucleus  of  inspissated  bile.*  Its  specific  gravity  is  infe- 
rior to  that  of  water :  Gren  found  the  specific  gravity  of  one 

0-803.t 

When  exposed  to  the  temperature  of  about  278^,  %  this 
crystallized  calculus  softens  and  melts,  and  crystallizes  again 
when  the  temperature  is  lowered.^  It  is  altogether  insolu- 
ble hi  water ;  but  hot  alcohol  dissolves  it  with  facility.  Al- 
cohol, of  the  temperature  of  167®  dissolves  Vo  ^^  *^  weight 
of  this  substance ;  but  alcohol,  at  the  temperature  of  60^ 
scarcely  dissolves  any  of  it.||  As  the  alcohol  cools,  the 
matter  is  deposited  in  brilliant  plates  resembling  talc  or  bo- 
racic  acid.**  It  is  soluble  in  oil  of  turpentine.ff  When 
melted  it  has  the  appearance  of  oil,  and  exhales  the  odour 
of  melted  wax :  when  suddenly  heated  it  evaporates  alto- 
gether in  a  thick  smoke.  It  is  soluble  in  pure  alkalies,  and 
the  solution  has  all  tlie  properties  of  a  soap.  Nitric  acid 
also  dissolves  it;  but  it  is  precipitated  altered  by  water.{| 
Indeed  the  greatest  part  separates  as  the  liquid  cools,  and 
swims  on  the  surface  like  drops  of  oil,  and  seems  by  the 
action  of  the  acid  to  be  brought  nearly  to  the  state  of  a 
ie8in.$$  Fourcroy,  who  first  examined  this  peculiar  matter 
of  biliaJry  calculi,  has  given  it  the  name  of  adipodre^  from 
its  resemblance  both  to  &t  and  to  wax.    Chevreul  could 

*  Fourcroy,  Ann.  de  Cliim.  iii.  945.  t  Ann.  de  Chim.  ▼.  186. 

t  Chevreuly  Ajin.  de  Chim.  xcv.  7.  §  Ann.  de  Cbiin.  ii.  123. 

H  Ann.  de  Chim.  ii.  180.  **  Ibid.  iii.  266. 

f  +  Gren,  ibid.  v.  187. 

X  X  Fourcroy,  ibid.  iii.  247. 

\  ^  Bo&tock,  Nicholson's  Jour.  iv.  138. 
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noClucceed  in  converting  it  into  soap,  by  fabiHi^  it  widi 
potash  ley. 

ad  Species  S.  Tlie  second  kind  of  biliary  calodi  is  of  a  polygonal 
naAy^mU  giiup^  2Lnd  a  kinmber  of  diein  almost  always  exist  in  die 
gall-bladder  together.  To  tUs^  probably,  they  owe  their 
peculiar  form.  Most  commonly  they  have  three  faloat  an- 
gles, and  have  some  resemblance  to  two  low  tetrahedroasi 
applied  base  to  base,  with  their  edges  and  angles  rounded 
off.  They  vary  considerably  tn  their  specific  gravity.  A 
specimen  seemingly  belonging  to  this  apedes^  examined  by 
Dr.  Bostock,  was  of  the  specific  gravity  OIKX).*  The  mean 
specific  gravity  of  six  which  I  analysed  was  1*061,  and  they 
ail  sunk  in  water.  Their  outer  surfiioe  is  smooth,  and  hu 
a  soft  fed.  When  broken  they  exhiUt  a  thin  outer  crust, 
composed  of  concentric  layen^  ahemafeeiy  crystallized  in 
small  rays  inclining  towards  the  centre.  The  nudeus,  in 
all  the  specimens  which  I  have  examiaed,  had  the  appear- 
ance of  granulated  honey. 

These  calculi,  in  their  composidon,  difier  bot  little  fitom 
the  lost  species,  since  they  consist  almost  entirely  of  adip^ 
circ.     In  six  gall-stones  which  I  analysed,  this  matter 
amounted  to  at  least  f|tbs  of  die  vdide.    The  Tendoe  was 
a  reddish-brown  substance,  insoluble  fai  aloohoL    Nitric 
add  dissolved  it  readily,  and  formed  a  [nnk-<»knii^  Kqaid, 
from  which  ammonia  threw  down  no  precipitate.    Pare 
potash  ley  dissolved  most  of  it  readily  when  assisted  by  hei^ 
From  the  solution,  muriatic  add  threw  down  a  dark-^gftea 
matter,  which  had  a  bitter  taste,  dissolved  in  alcohol,  mdfed 
when  heated,  and  exhibited  most  of  the  properties  of  pkro- 
mel.    The  residue,  insoluble  in  potash,  was  in  grey  flakes, 
and  resembled  albumen  in  such  of  its  propertieB  as  eoold 
be  traced.    But  as  it  never  exceeded  |th  of  a  grain,  it  was 
not  possible  to  ascertain  its  nature  with  precision. 
,od,  of  al-        S.  I  have  never  had  an  opportunity  of  seeing  any  gafl- 
1^1^.  *^°"  ^™  *®  human  species  bdonging  to  the  third  kind, 
or  composed  entirely  of  altered  yellow  matter.    But  in 
the  gall-stones  examined  by  Thenard  several  were  of  diis 
kind. 

4.  Concerning  the  fourdi  species  of  gall-stone  very  littls 
is  known  with  accuracy.    Dr.  Saunders  tells  us  that  he  has 

^  Boiwck,  Nicbplfon's  Jour.  ir.  19§. 
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met  vith  aome  gaUnitoiies  insoluble  both  in  alcohol  and  oil   Chip.  li. 
of  turp^itine;  some  of  which  do  not  flame^  but  become  red,  ^""v^^ 
and  consume  to  an  ^sh  like  a  charcoal.*     Haller  quotes  ' 
several  examples  of  similar  calculLf    Probably  they  do  not 
differ  from  the  third  kind. 

5.  The  gall-stones  of  oxen  are  always  of  a  yellow  colour, 
and  consist  of  the  ydlow  matter  of  bile  mixed  with  minute 
trapes  of  bile  which  may  be  separated  by  water.  They  are 
tasteless,  when  thus  washed,  and  insoluble  in  water  and 
alcohol.  They  are  used  by  painters,  though  their  colour  is 
not  permanent  but  soon  changes  to  a  bro\vn4 

IV.     URIKAKT  CALCULI. 

It  is  well  known  that  concretions  not  unfrequently  form 
in  the  bladder,  or  the  other  urinary  organs,  and  occasion 
one  of  the  most  dismal  diseases  to  which  the  human  spe- 
cies is  liable. 

These  concretions  were  distinguished  by  the  name  of  History. 
calculi,  from  a  supposition  that  they  are  of  a  stony  nature. 
They  have  long  attracted  the  attention  of  physicians.  Che- 
mistry had  no  sooner  made  its  way  into  medicine  than  it 
bq^an  to  exercise  its  ingenuity  upon  the  urinary  calculi ; 
and  various  theories  were  given  of  their  nature  and  origin. 
According  to  Paracelsus,  who  gave  them  the  ridiciUous 
name  of  duelechf  urinary  calculi  were  composed  of  a  muci- 
laginous tartar  which  floated  in  the  blood  vessels.  The 
schoolmen,  on  the  other  hand,  considered  them  as  a  pecu- 
liar mucilage  concocted  and  petrified  by  the  heat  of  the 
body.  These  opinions  were  ably  refuted  by  Van  Helmont 
in  his  Treatise  De  Lithiasi,  which  contains  the  first  at- 
tempt towards  an  analysis  of  urine  and  urinary  calculi ;  and, 
considering  the  period  at  which  it  was  written,  is  certaiii^y 
•possessed  of  uncommon  merit.  He  demonstrates  that  the 
materials  of  calculi  exi3t  in  urine :  he  considers  them  as 
composed  of  a  volatile  earthy  matter  and  the  saline  spirit 
of  urine  which  coagulates  instantaneously  when  they  com- 
bine together ;  but  which  are  prevented  from  combining  in 
healthy  people  by  the  presence  of  what  he  calls  scoria, 

♦  On  the  Liver,  p.  112.  t  Physiol,  vj.  5(57. 

X  Thenardy  Mtm.  d'Arcoeil^  i.  69. 
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Book  V.  ^  which  saturates  the  salt  of  urine.*  Boyk  extracted  from  cal« 
culi,  by  distillation,  oil  and  a  great  qaantity  of  volatile  salts. 
Boerhaave  supposed  them  compoonds  of  oil  and  volatile 
salts.  Slare  attempted  a  chemical  analysis  of  them.t  Hales 
extracted  from  them  a  prodigious  quantity  of  air.  He  gave 
them  the  name  of  animal  tartar^  pointed  out  several  circuoi- 
stances  in  which  they  resemble  common  tartar,  and  made 
many  experiments  to  find  a  solvent  of  them.  %  Drs.  Whytt 
and  Alston  pointed  out  alkaliesassolvents  of  calculi.  It  was 
an  attempt  to  discover  a  more  perfect  solvent  that  induced 
Dr.  Black  to  make  tho^  experunents  which  terminated  in 
the  discovery  of  the  nature  of  the  alkaline  carbonates. 

Such  was  tlie  state  of  the  chemical  analysis  of  calculus, 
when  iu  1776,  Scheele  published  a  dissertation  on  the  sub- 
ject in  the  Stockholm  Transactions ;  which  was  succeeded 
by  some  remarks  of  Bergman.  These  Olustrious  chemists 
completely  removed  the  uncertainty  which  bad  hitherto 
hung  over  the  subject,  and  ascertained  the  nature  of  the 
Calculi  which  they  examined. 

Since  that  time  considerable  additional  light  has  been 
thrown  upon  the  nature  of  these  concretiems  by  the  labours 
of  Austin,  Walther,  Brugnatelli,  Pearson,  &c  But  the 
most  important  additions  to  our  knowledge  of  calculi  were 
made  by  Dr.  WoUaston.  That  skilfiil  chemist  distingui^ed 
them  into  species,  and  ascertained  the  composition  of  each, 
pointing  out  several  hew  constituents  which  had  not  been 
suspected  before.  §  The  dissertation  on  calculi  by  Four- 
croy  and  Vauquelin  is  no  less  important*  Most  of  their 
results  indeed  had  been  anticipated  by  WoUaston:  but 
they  analysed  about  500  calculi  with  precision ;  a  number 
sufficient  to  enable  them  to  make  a  more  exact  arrange^ 
ment  of  them  than  could  be  obtained,  till  the  treqaency  of 
the  occurrence  of  every  ingredient  was  known.  They  de^ 
tected  also  some  substances  in  calculi  which  had  not  been 
observed  in  them  before.  A  valuable  dissertation  on  the 
subject  has  been  published  by  Mr.  Brande.  He  examined 
150  calculi  in  the  Hunterian  museum,  and  ha^  rectified 
some  mistakes  of  his  predecessors,  and  added  several  new 
facts.  II 

•  De  Lithiasiy  p.  21.  f  Phil.  Trans,  xvi.  140. 

J  Veget.  Stat.  ii.  189,  S  Pl»il-  Traqs.  irW'. 

II  Phil.  Trans.  1803. 
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Urinary  calculi  are  usually  spheroidal  or  egg-shaped;   Chap. il. 
sometimes  they  are  polygonous,  or  resemble  a  cluster  of  p^J^JJr 
mulberries ;  and  in  that  case  they  are  distinguished  by  the  tion. 
epithet  mtdberry.    Their  size  is  various ;    sometimes  they 
are  very  small,  and  sometimes  as  large  as  a  goose-egg,  or 
even  larger.     The  colour  of  some  of  them  is  a  deep  brown 
resembling  that  of  wood.     In  some  cases  they  arc  white, 
and  not  unlike  chalk ;  in  others,  of  a  dark-grey,  and  hard. 
These  different  colours  are  often  intermixed,  and  occur  of 
various  degrees  of  intensity.     Their  surface  in  some  cases 
is  polished  like  marble;   in  others,  rough  and  unequal; 
sometimes  they  are  covered  with  semitransparent  crystals. 
Their  specific  gravity  varies  from  1*213  to  1*976.* 

The  substances  hitherto  discovered  in  urinary  calculi  are  Component 
the  following :  P*"»- 

1.  Uric  acid. 

2.  Phosphate  of  lime.t 

S.  Phosphate  of  magnesia  and  ammonia. 

4.  Oxalate  of  lime. 

5.  Muriate  of  ammonia. 
G.  Magnesia. 

7.  Phosphate  of  iron. 

8.  Silica. 

9.  Urea. 

10.  Cistic  oxide. 

11.  Mucus. 

1.  Uric  acid  was  first  discovered  in  calculi  by  Scheele.  i.uric 
The  greater  number  of  those  concretions  hitherto  analysed  *^'**" 
consisted  of  it.  All  those  analysed  by  Scheele  were  com- 
posed of  it  entirely.  Of  300  calculi  analysed  by  Dr. 
Pearson,  scarcely  one  was  found  which  did  not  contain  a 
considerable  quantity  of  it,  and  the  greater  number  mani- 
festly were  formed  chiefly  of  it.  Fourcroy  and  Vauquelin 
found  it  also  in  the  greater  number  of  the  500  calculi  which 
they  analysed.  Of  150  examined  by  Brande  only  16  were 
composed  entirely  of  this  acid ;  but  almost  the  whole  of 
them  contained  this  acid. 

The  presence  of  this  acid  may  be  easily  ascertained  by 

•  Fourcroy,  x.  213. 

f  Brugnatelli  found  also  phosphate  of  lime,  iivith  excess  of  acid  in 
calculi.    See  Add.  de  Chim.  xxxii.  183. 
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BookV.    the  following  properties:   The  caktili  fermed  of  it  are 
V*v**^  brown,  polished,  and  resemble  wcxmL    A  adution  of  potada 
or  soda  dissolves  it  readily,  and  it  is  precipitated  by  the 
weakest  acids.    The  precipitate  is  soluble  in  nitric  acid; 
the  solution  is  of  a  pink  colour,  and  tinges  the  skin  red. 
s.  Phot-         2.  Phosphate  of  lime  was  obitlerved  in  calcdi  fay  Berg- 
g^tc  of     jjjjjj .  afterwards  it  was  ibund  in  abundance  by  Pterson^ 
and  more  lately  by  Fourcroy  and  VauqueUn.    IH*.  WoDas^ 
ton  was  the  first  who  observed  calculi  cumpwed  of  It  en- 
tirely.   The  calculi  which  he  examined  were  broWit,  and 
so  smooth  exteinally  as  to  appear  polished.    They  ifert 
composed  of  lamina?  easily  separable  into  concentric  chals. 
In  the  calculi  obseWed  by  Fourcroy  atid  Vanqtldiil,  the 
phosphate  of  lime  was  white,  witliout  lustre,  fiiaUe^  stained 
the  hands,  paper,  and  cloth.    It  had  very  hutch  the  up^ 
pearance  of  chalk,  broke  under  the  forcepa,  was  insipid  and 
insoluble  in  water.    It  is  8(dubl^  ih  nitric^  intiliatic»  and 
acetic  acids,  and  is  again  precipitated  by  amfObnia,  fixed 
alkalies,  and  oxalic  acid.     It  is  intimately  mijied  with  a 
gelatinous  matter,   which   remains  under  the  fi>rm  of  a 
membrane  when  the  earthy  part  is  dissolved  by  raj  ^uted 
acids.* 
s.  Phot-         S.  The  calculi  containing  phosphate  of  xa^gnena  and 
ml^^it    ftoimonia  were  first  distinguished  by  Mr.  Tentnant;  but  for 
and  ammo-  their  first  analysis  we  are  indebted  to  Dr.  WoUaston.    He 
*"**  first  pointed  out  the  presence  of  the  triple  phosphate^ 

ascertained  its  characters,  and  showed  how  it  mi^t  be 
imitated  by  art.t  Fourcroy  and  Vauquelin,  who  detected 
it  soon  after,  though  their  experiments  were  not  published 
before  the  year  ISOO,  suppose  that  it  owes  Its  existence  to 
a  commencement  of  putrifaction  of  the  urine  in  the  Uad- 
der.  It  occurs  in  white,  semitransparent,  lamellar  layers; 
sometimes  it  is  crystallized  on  the  surface  of  the  calculi  in 
prisms,  or  what  are  called  dog-tooth  crystals.  Its  powder 
is  of  a  brilliant  white;  it  has  a  weak  sweetish  taste;  it  is 
somewhat  soluble  in  water,  and  very  soluble  in  acidsi 
though  greatiy  diluted.  Fixed  alkalies  decompose  i^  leav* 
ing  magnesia  undissolved. 

It  never  forms  entire  calculi.     Sometimes  it  is  mixed 
with  phosphate  of  lime,  and  sometimes  layers  of  it  cover 

•  rourcroy,  Aon.  de  Cbim.  xxxii.  218,  f  Phil.  Trans.  17^. 
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iiric  acid  or  oxalate  of  lime.     It  is  mixed  with  the  same  Chap.  ll. 
gelatinous  matter  as  phosphate  of  lime.*  ^'^v^ 

4.  Oxalate  of  lime  was  first  detected  in  calculi  by  Dr.  4  Oxalate 
Wollaston.t    The  calculi  containing  it  had  been  distin- ^^""^^ 
guished  by  the  name  of  mulberry  ;  but  scarcely  any  of  their 
characters  was  known  till  they  attracted  his  attention.    In 

all  the  calculi  which  he  examined,  the  oxalate  was  mixed 
with  phosphate  of  lime^  and  usually  also  with  uric  acid; 
but  Fourcroy  and  Vauquelin  found  several  in  which  it  was 
imited  only  to  animal  matter.  It  commonly  forms  a  very 
bard  calculusi  of  a  dark^green  colour,  difficult  to  saw 
;isunder,  admitting  a  polish  like  ivory,  exhaling,  when 
sawed)  an  odour  like  that  of  semen.  Insoluble  and  inde- 
composable by  alkalies;  soluble  in  very  diluted  nitric  acid, 
but  slowly  and  with  difficulty.  It  may  be  decomposed  by 
the  carbonates  of  potash  and  soda.  When  burnt,  it  leaves 
behind  a  quantity  of  pure  lime,  amomiting  to  one-third 
of  its  weight,  which  may  be  eaaily  recognised  by  its  pro- 
perti/es.$ 

5.  Muriate  of  ammonia  was  first  detected  in  calculi  by  5.  Muriate 
Brande.  Fourcroy  and  Vauquelin  had  announced  tlie  ex-  ^^  *"»"^°" 
istence  of  urate  of  ammonia  in  calculi.  They  founded 
their  opinion  chiefly  on  the  easy  solubility  of  the  supposed 
urate  in  alkaline  leys,  and  the  «mell  of  ammonia  given  out 
during  the  solution.  Brande  found  that  if  such  calculi 
were  treated  with  water,  a  portion  was  dissolved,  and  the 
residue  consisted  of  pure  uric  acid.  The  matter  dissolved 
was  partly  urea  and  partly  muriate  of  ammonia.  To  the 
first  of  these  bodies  he  ascribed  the  easy  solubility  of  the 
calculus,  and  to  the  second  the  smell  of  ammonia  which  it 
gave  out  during  its  solution.  From  his  experiments  it  does 
aot  appear  that  any  such  salt  as  urate  of  ammonia  is  pre- 
text in  calculi.^ 

6  and  7*  The  presence  of  magneda  and  phosphate  of 
iron  in  calculi,  has  been  announced  by  Alemani,  an  Italian 
apothecary.  He  analysed  an  urinary  calculus,  and  ob* 
tainedfromit 

•  Fourcroy,  Ann.  de  Chim.  xziii.  819.        f  Phil.  Trans.  1797. 
t  Eourcroy,  Ana.  ds  Clum.  xxxiL  S20.        \  Phil.  Mag.  xxxii.  171. 


ma* 


t.  SUkt. 


g.  Urea. 


10.  Cistic 
oxide. 


PABTS  OF  ANIMALS. 

Magnesia 51*00 

Silica 20-00 

Phosphate  of  iron 21*84* 

Carbonate  of  magnesia  • .  •  •     4*00 
Loss 3*16 


100-00 

As  no  details  are  given,  we  have  no  means  of  ascertaining 
how  far  these  results  are  to  be  considered  as  correct.* 

8.  Silica  has  only  been  found  in  two  instances  by  Four- 
croy  and  Vaaquelin,  though  they  have  analysed  about  600 
calculi.  It  must  therefore  be  conddered  as  a  very  uncom* 
mon  ingredient  of  these  concretions.  In  the  two  mstances 
in  which  it  occurred,  it  was  mixed  with  pho^hate  of  lime.t 
The  two  calculi  containing  it  were  mulberry  ones,  but  of  a 
lighter  colour  than  usual,  extremely  hard,  and  difficult  to 
saw  or  reduce  to  powder.  The  presence  of  silica  may  be 
easily  detected  by  its  fusibility  into  glass  with  fixed  alkalies, 
and  its  other  well  known  properties.  Professor  Worzer 
has  detected  silica,  to  the  amount  of  one  per  cent  in  a  cal- 
culus which  he  analysed.    It  was  composed  of 

Phosphate  of  lime  ....  17*83 

Uric  acid 75*34 

Animal  matter 6*33 

Silica 1*00 


100-00 1 


Silica  was  found  also  in  an  excessive  proportion  in  the  cal- 
culus analysed  by  Alcmani,  the  result  of  which  has  been 
stated  above. 

9.  Urea  was  suspected  to  exist  in  calculi  by  Fourcroy 
and  Vauquelin,  but  was  first  detected  by  Mr.  Brande.  He 
obtained  it  by  digesting  the  calculi  supposed  to  contain  it 
in  water  or  alcohol,  and  evaporating  the  solution.  The 
proportion  of  it  seems  sometimes  to  be  great.  In  one  in- 
stance Mr.  Brande  found  36  per  cent,  of  animal  matter, 
the  greatest  part  of  which  no  doubt  was  urea.  $ 

10.  Tlie  substance  called  cistic  oxide  was  discovered, 

•  Ann.  de  Chim.  Ixv.  222.  f  Fourcroy,  ibid,  xxxii.  221. 

}  Gehlen's  Jour.  Second  Series,  ii.  265.  §  PhU.  Mag.  xxxii.  171. 


MOKBID  CONCRETIOm.  585 

and  its  nature  ascertained,  by  Dr.  Wollaston.  A  small  Chap.ii. 
calculus,  passed  from  the  bladder  of  a  man,  was  entirely  ^-'^'^^ 
composed  of  it  It  was  white,  dense,  brittle,  and  had  pretty 
much  the  appearance  of  magnesian  lime-stone.  The  cba* 
racters  of  this  new  and  |)eculiar  animal  substance,  as  ascer- 
tained by  Dr.  Wollaston,  are  the  following:  1.  It  dissolves 
and  combines  equally  with  acids  and  alkalies,  and  crystal- 
lize3  with  both.  2.  It  is  precipitated  from  nitric  acid  iby 
alcohol.  3.  It  docs  not  become  red  when  treated  with 
nitric  acid.  4.  It  produces  no  change  on  vegetable  blues. 
5.  It  is  insoluble  in  water,  ■  alcohol,  and  ether.  6.  When 
distilled  it  yields  carbonate  of  ammonia  and  oil,  and  leaves 
only  a  very  small  fixed  residue,  which  is  phosphate  of  lime. 
This  substance  has  only  been  found  hitherto  in  three  or 
four  calculi. 

11.  All  calculi  contain  an  animal  matter,  which  serves  n*  Anlmtl 
as  a  cement  to  glue  the  other  ingredients  together.  This  "***^* 
matter  is  often  very  small  in  quantity,  though  sometimes  it 
IS  very  considerable.  Fourcroy  and  Vauquelin  at  first  con- 
sidered it  as  albumen,  but  they  have  lately  announced  that 
they  have  ascertained  it  to  be  mucus;  an  opinion  much 
more  likely  to  be  correct,  as  mucus  is  secreted  by  the  in- 
ternal surface  of  the  bladder,  and  of  course  is  alwaytf  pre- 
sent in  more  or  less  quantity. 

Such  are  the  component  parts  of  urinary  calculi ;  but  as 
these  substances  often  occur  mixed  together  in  various 
ways,  it  is  a  point  of  some  consequence  to  be  able  to  ascer- 
tain the  component  parts  of  the  different  calculi  from  their 
ajipearance,  and  to  know  what  substances  usually  associate 
together ;  as  this  knowledge  may  lead  hereafter  to  the  tniie 
theory  of  their  formation,  and  thus  perhaps  enable  us  to 
prevent  that  most  dreadful  of  all  diseases.  Fourcroy  and 
Vauquelin,  afler  an  examination  of  more  than  600  calculi, 
have  divided  them  into  three  genera  and  twelve  species. 
Ilie  following  is  a  view  of  their  arrangement : 

GENUS  I.  Caladi  composed  of  one  ingredient, 

Sp.  1.      Uric  acid.  Arrangc- 

fj      ^       Tj     A.       c    -«•  nienioftbc 

bp.  2.     Urate  of  ammonia.  calculi. 

Sp.  3.     Oxalate  of  lime. 
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BookV.  •tNiTKir  CaiaJi  eoiaposedoftu-0  ingraUatls. 

''  Sp.  1-  Uric  acid  and  the  phosphates  in  layens. 

Sp.  2.  Ditio,  mixed  together. 

Sp.  3.  Urate  of  ammonia  niid  tlic  phosphates  m  layers. 

Sp.  4.  Ditto,  mixed  (ogether. 

L  Sp.  S.  Till!  phosphates  mbced  or  in  layers. 

I  Sp.  C.  Oxukle  of  lime  and  uric  acid  in  lajtTS. 

I  »S|).  7.  Oxalate  of  limo  and  the  phosphatot  in  layers. 

L  GENUS  III.  Caladi  rontaiiuiig  mtat  than  twu  ingredients, 

Sp.  1.     Uric  acid,  the  phosphuti>s,  and  oxalate  of  lime. 
Sp.  2,     Uric  Hcid,  uralo  of  ammonia,  the  phosphates, 
^icu. 

Let  us  take  a  view  of  each  of  these  species. 

pHcrviioB     Sp.  1.  Uric  add.     Colour  tlint  of  wood,  various  gliades 

"^  eipc-  ^  jelio^  or  rod.     Tcxliire  liuninar  and  radiated,  compact 

andiinc.     SiKcific  gravity  from  1*5  to  l'7»ti;  sometimes  so 

low  an  l*'i76.    Surlac«  osuttli^  smootli  and  polijjhe<l.    Com* 

I  plctoly  ^ublo  in  hxi'd  ttlkaltne  leys,  without  cniittlng  tuiy 

1  odour  of  aaunonin.      This  ^ccIoh   id  tJie  most  commou. 

One  fourth  of  the  GOO  cakuii  oxautiaed  hy  Fourcroy  and 

V'au<iueliii  belonged  lo  it. 

Sj).  2.  Urate  of  amtmiiia.  Colour  brownish  while. 
Texture  lamiiuu-;  laniiui  euily  Bcpwated  from  each  oUier. 
Specific  gravis  fraai  1-225  to  1*720.  Sur&oe  often  vrjt' 
tcUiied.  SeJublc  in  hot  water,  especially  whes  reduced  to 
fNtwdcr.  Soluble  m  £xcd  aJJtaliea,  wUle  ammonia  i« 
•volvaiL  Thia  epecMB  ie  nnoommon.  Brande  ha*  made  it 
pnbable  that  it  does  not  exist,  and  lliat  ihe  calctdi,  i«- 
Amd  to  it  by  Fourcroy  and  Vaoqadtn,  are  compoaed  of 
uric  actd*  urea,  and  muriate  <^  iwiiiiiiuiii 

Sp.  8.  Oxalate  «[  lime.  Colour  aooC  brown.  Testare 
deDteand  baud,  EeeemUicig  ivory,  fiur&ce  uneqnol,  and 
fiill  either  of  pointed  or  rounded  protuberaDcee.  Hence 
the  epithet  mulberry,  by  which  the  calculi  of  this  species 
are  distinguished.  Specific  gravity  from  J'428  to  1-976. 
When  sawn,  exhales  the  odour  of  semen.  When  calcined, 
'  leaves  a  residuum  of  carbonate  of  line.  Iitaoluble  in  al- 
kalies; soluble  with  difficulty  in  acids.  This  species  occun 
frequently. 
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Sp.  4.  Uric  add  and  ike  phosphates  m  h^ers.  Surface  Chap,  n.^ 
white  like  chalk,  and  friable  ot  sparry  and  semitranspartnt,  '  " ' 
according  as  the  outermost  coat  is  phosphate  of  lime  or  of 
Ibagnesia.  Ofteta  large.  When  eut^  they  present  a  mhdeiis 
of  uric  acid.  Sometimes  this  nucleus  is  covered  with  al- 
temate  layers  of  the  two  phosphates.  Specific  gravity  vety 
Variable.  This  species  is  not  uncommon.  About  -j^Ui  of 
the  calculi  examined  by  Fourcroy  and  Vauquelin  belonged 
to  it 

Sp.  5.  Uric  acid  and  the  phosphates  mixed  together.  This 
gp^cies  varies  in  its  appearance.  Sometimes  the  component 
parts  alternate  in  visible  layers ;  at  others  they  are  too  thin 
\A  be  perceived  by  the  eye,  and  can  only  be  ascertained  by 
timlysis.  Specific  gravity  from  1*91S  to  1*7S9.  This  vpe^ 
cies  is  not  uncommon.  About  ^^^Hi  of  the  calculi  analysed 
by  Fourcroy  and  Vauquelin  belonged  to  it. 

Sp.  6.  Urate  6f  ammoma  and  the  phosphates  in  layers. 
Tliis  species  resembles  the  fourth  in  its  appearance;  but 
its  nncteus,  instead  of  uric  add,  is  competed  of  urate  of 
ammonia.  It  is  not  very  common,  and  the  calculi  bdong* 
ing  to  it  are  smaller  than  those  of  the  fourth  species. 

Sp.  7.  Urate  of  ammoma  and  ihe  phosphates  mired.  Tliis 
species  resembles  the  fiflh,  but  may  be  distinguished  by  a 
colour  less  yellow,  and  by  the  ammonia  emitted  when  the 
calculi  are  treated  widi  potash.  The  calcuH  belonging  to 
it  are  small  and  rather  uncommon. 

Sp.  8.  The  two  pfiosphates  mixed  or  in  layers.  Colour 
Irfaite  like  chalk.  Texture  lammar;  friable,  easily  sepa* 
rated,  and  staining  the  surface  of  other  bodies  like  chalk. 
Often  mixed  with  thin  layers  of  phosphate  of  magnesia  and 
amrmonia,  sparry  and  semitransparent.  Specific  gravity 
from  1*138  to  1*471.  Soluble  in  acids,  insoluble  in  alkalies: 
About  ^th  of  the  calculi  examined  by  Fourcroy  and  Vau- 
qoelin  belonged  to  this  species. 

Sp.  9.  Oxalate  of  lime  and  rtric  add  in  layers.  The 
calculi  belonging  to  this  species  have  a  nucleus  of  oxalate 
of  lime  covered  with  a  layer,  more  or  less  thick,  of  uric 
acid ;  or  they  consist  of  a  small  calculus  of  the  third  spe- 
des  covered  with  a  layer  belonging  to  the  first  species. 
They  are  easily  distinguished  when  sawn  hi  two.  About  ^th 
of  the  600  calculi  analysed  by  Fom'croy  and  Vauquelin  be- 
longed  to  this  species. 


Sp.  10.  Oxniafe  of  lime  and  the  phospkatef;  in  tayert. 
The  calcLili  belonging  to  this  species  have  a  nucleua  of 
.  oxalate  of  lime  covered,  wtli  a  coat  of  the  phosphates.  Ex- 
.tenutlly,  therefore,  tliey  are  the  same  with  the  fourth  and 
eighth  species;  while  the  internal  nucleus  belongs  to  the 
third  Bpecifs.  Thenf  are  easily  distinguished  ihcrefore  when 
«awn  in  two.  The  calcuU  of  this  species  arc  the  most  nu- 
merous of  all,  next  to  those  oi  tlie  first  species.  About  \\h 
of  those  examined  by  Fourcroy  and  Vauquelin  butonged 

to  it 

Sp.  11.  Uric  will  or  urate  <^  ammonia,  the  phosfihales, 
axaiate  of  lime.  The  calculi  of  this  species  have  a  nucleus 
of  oxalate  uf  lime,  over  this  a  coat  of  uiic  acid  or  urate  of 
ammonia,  or  of  a  mixture  of  both ;  while  the  oateraiost 
cout  is  compo!(i.'d  of  the  pimsphates. 

Sp,  12.  Uric  acid,  jurats  tf  ammonia,  the  pkoaphales,  silica. 
The  calculi  of  this  species  bear  a  considerable  resemtilance 
to  those  of  the  Inst  The  nucleus  is  composed  of  silica 
end  pliosphate  of  lime,  then  there  is  a  coat  of  uric  acid 
juid  urate  of  ammonia,  and  over  all  a  coat  of  the  phos- 
phates. Ouly  four  calculi  of  this  kind  have  been  observed. 
i'.  Such  is  the  arrangement  of  Fourcroy  and  Vauquelin, 
certainly  the  most  compicte  which  has  liilherlo  appeared. 
Dr.  Wollaston  had  j^rpviously  given  another,  which  in 
many  respects  deseryes  the  preference  in  apractical  view, 
It  consists  of  a  small  number  of  genera,  admirably  well 
distinguished  by  their  characters  and  constituents.  It  cer- 
tainly deserves  the  peculiar  attention  erf*  surgeons.  He  di- 
vides £alcuU  into  four  kinds.     They  are  as  follows : 

1.  Uric  calcuU.  These  are  the  calculi  composed  of  uric 
acid,  or  which  consist  chiefly  of  that  substance.  Tliey  are 
either  completely  soluble  in  pure  alkaline  leys  or  nearly  so. 

S.  Fusible  calculi.  Composed  chiefly  oif  phosphate  of 
lime  and  phosphate  of  magnesia  and  a^nmonia.  Before 
the  blowpipe  they  mdt  into  eoamd.  They  are  completely 
soluble,  or  nearly  so,  in  muriatic  acid. 

3.  Mulberry  calculi.  Composed  of  oxalate  of  lime  or  of 
oxalate  and  phosphate  of  lime.  In  the  state  of  powder  they 
are  slowly  dissolved  by  muriatic  acid.  The  residuum  is 
nric  acid. 

i.  Bone  earth  calailL    These,  as  the  name  impUe%  are 
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composed  chiefly  of  phosphate  of  lime.    They  are  soloble  Chtp.  II.^ 
*  in  muriatic  acid. 

From  the  observations  and  experiments  of  Mr.  Branded 
it  appears  that  the  calculi  formed  in  the  kidneys  almost 
mlways  consist  of  uric  acid  and  animal  matter.  Sometimes, 
but  veiy  rarely,  they  consist  of  oxalate  of  lime ;  and  when 
calculi  remain  in  the  kidney  a  considerable  time  after  they 
have  been  formed,  their  external  coat  consists  sometimes 
of  the  triple  phosphate  of  magnesia  and  phosjihate  of 
lime.* 

Of  150  calculi  found  in  the  bladder,  and  analysed  by  Mr. 
Brande,  the  following  was  the  composition : 

1(5  Composed  of  uric  acid. 

45 uric  acid,  with  a  small  relative  propor- 
tion of  the  phosphates. 

66   the  phosphates  with  a  small  proportion 

of  uric  acid. 

12   the  phosphates  entirely. 

5   uric   acid    with    the    phosphates  and 

nuclei  of  oxalate  of  lime. 

6   chiefly  oxalate  of  lime. 

150t 

From  the  preceding  account  of  the  different  urinary  cal- 
culi, it  appears  that  most  of  their  component  parts  exist  in 
urine.  But  little  satis&ctory  is  known  concerning  the 
manner  in  which  these  concretions  are  formed,  or  of  the 
cause  of  tlieir  formation.  Whenever  any  solid  body  makes 
its  way  into  the  bladder,  it  has  been  observed  that  it  is 
soon  encrusted  with  a  coat  of  phosphate  of  lime ;  and  this 
first  nucleus  soon  occasions  a  calculus.  Concretions  of 
uric  acid  seldom  or  never  form  in  the  bladder,  unless  a 
primitive  nucleus  has  originated  in  the  kidneys.  The  gravel 
which  is  so  frequently  emitted  by  persons  threatened  with 
the  stone  consists  always  of  this  acid.  As  oxalic  acid  does 
not  exist  in  urine,  some  morbid  change  must  take  place  in 
the  urine  when  calculi  composed  of  oxalate  of  lime  are 
deposited.  Brugnatelli's  discovery  of  the  instantaneous 
conversion  of  uric  acid  into  oxalic  acid  by  chlorine, 
which  has  been  confirmed  by  the  experiments  of  Fourcroy 

•  Phil.  Mag.  ixzii.  167..  f  Ibid.  171. 
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■    eud  VauqucllD,  tbrown  coiisi(lcriil)lG  11^''!  upon  die  fbrauif   I 
tion  of  oxulic  acid  in  urijie,  by  showjiij^  us  tlinc  uric  acid  is 
j]robiibly  th£  basis  of  it;  but  in  utuit  luauiier  tlm  chiuigc  i> 
actually  produced,  it  is  not  so  easy  to  §ay. 

to      As  our  ignorance  of  tbe  cause  of  urinary  concrettohi 

;  puts  it  out  of  our  power  to  prevent  UicJr  fonnntiftn,  the 
ingenuity  of  pttysicians  lias  bueu  employed  in  iitttinpiing  to 
discover  subsUtuccs  cspable  of  dissolving  then)  afif-r  liiey 
hnve  formed,  and  ihus  to  relieve  the  human  race  from  one 
of  the  most  dreadful  diseases  to  which  it  is  subject.  Tbesie 
attenipts  muat  have  been  vaiii,  or  tlieir  success  must  liavc 
entirely  depended  upon  chance,  till  the  pro|)ertigs  of  the 
concretions  themselves  had  been  lUscovcred,  and  tlje  suli- 
stances  capable  of  dissolving  them  ascertained  by  experi- 
ment. I  shall  iJifj-cfore  pass  over  the  numerous  lidionihrip- 
tics  *  which  have  bccD  recommended  in  alt  ages,  and  sa- 
tisfy myself  with  giving  an  account  of  the  experiments 
made  by  Fourcroy  and  Vauquelin  to  dissolve  stones  by  in- 
jectionii  through  the  ui'ctlira,  made  after  their  analysis  of 
the  urinary  calculi. 

i'lie  component  parts  of  tirinary  e;dculi,  as  far  as  sol- 

-  venta  are  concerned,  niny  be  reduced  under  tliree  heoda; 

1.  Uric  acid  and  urate  of  ammonia. 

2.  The  phoqthatea, 

3.  Ox«Ji«te  ^  £in«. 

1.  A  aolution  of  pure  potadi  and  aods,  ao  weak  diat  k 
May  be  kept  in  ix  mouth,  and  even  swallowed  wilboDt 
pain,  moil  (Uasolrci  odcirii  conposed  «f  uric  acid,  or  srate 
«f  aramoiHa,  provided  they  be  k^t  plunged  in  it. 

S.  3%e  phosphates  are  vety  4]utckly  distolred  Iqr  aitric 
or  «BW<iatic  attid,  ao  weidc  cfast  it  toay  be  awallowed  withont 
JoctMrrenieiMe,  and  poeHsaed  of  no  greater  acridoew  lluui 
nriae  itself. 

t,  Oxalateof  lime  Bpmch  more  difficult  of  aefaitioixban 
tiie  preceding  uibstaaces.  Calculi  compooed  of  it  are 
dowly  dissolved  i>y  niteic  add,  or  by  carbonate  of  potadt 
or  soda,  weak  enon^  not  to  irritiUe  tbe  bladdo-:  but  the 
action  of  these  anbabmccs  k  alow,  and  scarcely  complete. 

■  iThtTe  U  DO  riMm  .to  miovp  iImE  say  of  ibsM  oMdwiMs  UtbMto 
pn^oscd,  wbetbcr  alkalies  or  nod*,  bars  any  effect  as  Movents  of  «■)• 
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These  solvents  injected  into  the  bladder  repeatedly,  and  Chap.  il. 
retained  in  it  as  lonir  as  the  patient  can  bear  tbeir  actioa  "^^V^^ 
without  inconvenience^  ought  to  act  upon  the  stone  and  ij^  ^ 
gradually  dissolve  it.  The  difficulty,  however,  is  to  deter* 
mine  the  composition  of  the  calculus  to  be  acted  upon*  in 
order  to  know  which  of  the  solvents  to  employ.  But  aa  no 
aoethod  of  deciding  this  point  with  certainty  is  at  present 
known,  wc  must  try  some  (me  of  the  solvents  for  once  or 
twice^  and  examine  it  after  it  has  been  thrown  out  of  the 
bladder.  Let  us  begin,  for  instance,  with  injecting  a  weak 
solution  of  potash;  and  after  it  has  remained  in  the  blad- 
der half  an  hour^  or  longer  if  the  patient  can  bear  it«  let 
the  liquid,  as  soon  as  passed,  be  fikc9«d  and  ouxed  mik  a 
little  muriatic  acid ;  if  any  uric  acid  has  been  dissolved,  a 
white  solution  will  make  its  appearance.  This  precipitate 
is  a  proof  that  the  calculus  is  oomposed  of  uric  acid.  If  it 
dk)e8  not  appear,  after  persevedng  in  the  alkaline  solution 
for  some  days,  then  there  is  reason  to  expect  the  preaenoa 
of  the  phofqshates;  of  course  a  weak  muriatic  acid  solution 
should  be  injected.  After  this  solution  is  emitted,  let  it  be 
mixed  with  ammonia,  and  the  phosphate  of  lime  will  pre- 
cipitate, if  the  calculus  be  composed  of  it.  If  neither  of 
these  solutions  take  up  any  thing,  and  if  the  symptoms  are 
not  alleviated,  we  must  have  recourse  to  the  action  of  nitric 
acid,  on  the  supposition  that  the  calculus  is  composed  of 
oxalate  of  lime.  These  different  solutions  must  be  per- 
sisted in,  and  varied  occasionally  as  they  lose  their  efficacy, 
in  order  to  dissolve  the  different  coats  of  die  calculus.  Such 
are  the  methods  pointed  out  by  Fourcroy  and  Vauquelin. 
It  ifi  scarcely  necessary  to  observe,  that  the  bladder  should 
be  evacuated  of  urine  previous  to  the  injections,  and  that 
the  injections  should  be  previously  Jieated  to  the  temperature 
of  vthe  body. 

The  calculi  (bund  in  the  bladder  of  the  inferior  aniaials  Calcoli  of 
have  been  examined  by  diiSerent  chemists,  especially  by  mSjjj^'  ^' 
Fourcroy  and  Vauquelin,  and  by  Dr.  Pearson  and  Mr. 
Brande.    As  far  as  -experiment  has  hitherto  gone,  they 
consist  chiefly  of  the  three  following  species : 

I.  Carbonate  of  lime.  These  calculi  have  a  white  colour, 
arec^quc,  and  are  easily  recognised  by  the  action  of  acids. 
They  occur  most  frequently  in  the  bladder  of  the  graminir 
vorous  animals,  and  seem  to  have  hmtn  first  detect^  :by 
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Pourcroy  and  Vanquclin.  Ilie  lune  is  cemented  1^  sa 
animal  matter.  Calculi  belongiog  to  this  species  have  been 
found  in  the  bladder  of  the  bone,*  the  aow,t  the  rabbit,* 
theoz.J 

2.  Earllitf  phospliale.    These  calculi  bdong  chiefly  to  the 
s  animals,  and  teem  Gnt  to  have  been  examined 


by  Dr.  Pcanon.  They  consist  sometimes  of  phospfaate  of 
hme  and  animal  matter,  sometimes  of  a  mixture  of  phos- 
phateof  lime  and  phosphate  of  ammonia  and  magnesia  and 
animal  matter.  They  hare  been  found  in  the  bladder  of 
the  d<^§  the  hog,[|  the  ra^"  and  the  cat :  **  and  a  cal- 
culus from  a  hone,  examined  by  Dr.  Peanon,  was  ob- 
Tioasly  composed  of  the  two  phosphates.  1  found  the  cal- 
culus from  ■  bog  composed  entirely  of  phosphate  of 
lime.ff 

S.  Oxalate  vf  lime.  Calculi  composed  of  this  substance 
have  been  recently  detected  by  Fourcroy  and  Vauquelin 
from  the  bladder  of  the  dog  and  the  raLiX 

The  following  uble  exhibits  a  view  of  the  constituents  c^ 
the  cakuii  of  different  unimHlT  analysed  by  Mr.  Brande: 
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Thus  It  appears  that  the  calculi  of  carnivorous  animals  Chap.  II. 
resemble  the  human  in  their  composition,  excepting  that  ^^"V^ 
tiric  acid  has  never  been  detected  in  them. 

V.    GOUTY  CONCll£TI0NS« 

It  is  well  known  that  concretions  occasionally  make  their 
appearance  in  joints  long  subject  to  gout.    These  concre- 
tions, from  their  colour  and  softness,   have  received  the 
name  of  chalk-stones.    They  are  usually  small,    though  chalk 
they  have  been  observed  of  the  size  of  an  egg.*     It  had  *^^^^^ 
long  been  the  opinion  of  physicians  that  these  concretions 
were  simiilar  to  the  urinary  calculi.     Of  course,  after  the 
discovery  of  uric  acid  by  Scheele,  it  was  usual  to  consider 
the  gouty  chalk  stones  as  collections  of  that  acid.     They  Consist  of 
were  subjected  to  a  chemical  analysis  by  Dr.  Wollaston  in  ^^  ®^ 
1797,  who  found  them  composed  of  uric  acid  and  soda. 

Gouty  concretions  are  soft  and  friable  Cold  water  has 
little  effect  upon  them ;  but  boiling  water  dissolves  a  small 
portion.  If  an  acid  be  added  to  this  solution,  small  crys* 
tals  of  uric  acid  are  deposited  on  the  sides  of  the  vessel. 

These  concretions  are  completely  soluble  in  potash  when 
the  action  of  tlie  alkaline  solution  is  assisted  by  heat. 

When  treated  with  diluted  sulphuric  or  with  muriatic 
ftcid,  the  soda  is  separated ;  but  the  uric  acid  remains,  and 
may  be  separated  by  filtration.  The  liquid,  when  evapo- 
rated, yields  crystals  of  sulphate  or  muriate  of  soda,  ac- 
cording to  the  acid  employed.  The  residuum  possesses  all 
the  characters  of  uric  acid.  When  distilled  it  viclds  am- 
monia,  pmssic  acid,  and  the  acid  sublimate  of  Scheele. 
When  dissolved  in  a  little  nitric  acid,  it  tinges  the  skin  of 
s  rose  colour,  and  when  evaporated  leaves  a  rose-coloured 
deliquescent  residuum.  It  is  soluble  in  potash,  and  may  be 
precipitated  by  any  acid,  and  by  ammonia;  first  in  the 
itate  of  a  jelly,  and  then  breaking  down  into  a  white 
powder. 

When  uric  acid,  soda,  and  a  litde  warm  water,  are  tri- 
torated  together,  a  mass  is  formed,  which,  after  the  sur- 
plot  of  soda  is  washed  ofl^  possesses  the  chemical  proper* 
ties  o(  gouty  concreUons.f 

•  Seveiious.         t  St€  Dr.  Wollaston't  analysis,  Phil.  Traas.  1797. 
VOL.   IV.  2  Q 
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morbid  secretions. 

In  difiisrent  diseases  to  which  the  animal  bodj  is  subject, 
various  fluids  make  their  appearance  which  did  not  exist 
previously,  at  least  under  the  fiNrm  which  diey  aasome. 
Thus  in  dropsy,  the  cellular  substance^  and  frequendy 
also  the  cavities  of  the  head,  breast,  or  abdomen,  are  filled 
Variout.  with  a  whitish  liquid.  When  any  part  of  the  skin  is  irri- 
tated into  a  blister,  the  interval  betv^en  the  cutis  and  cuti* 
cle  is  filled  with  a  transparent  fluid :  and  when  any  part  of 
the  muscles  or  skin  is.  wounded,  the  uloer  is  soon  covered 
with  a  thick  matter  called  pus.  A  thin  sanies  exudes  from 
cancers  and  carious  bones.  A  chemical  knowledge  of  tbeie 
secretions  cannot  but  be  attoided  with  advantage  both  to 
the  physiologist  and  physician.  Unfintunatdy  little  pre- 
cise information  respecting  these  fluids  can  be  at  present 
given.  It  will  be  worth  whil^  however,  to  state  the  obser- 
vations that  have  been  made. 

I.  PUS. 

The  liquid  called  pus  is  secreted  firom  the  surface  of  an 
inflamed  part,  and  usually  moderates  and  terminates  the  in- 
flammation. It  assumes  different  appearances  according  to 
the  state  of  the  sore.  When  it  indicates  a  healing  sore^  it 
is  called  healthy  or  good<ondUumed  pus.  This  liquid  pos- 
sesses the  following  properties : 
inroperdft  It  is  of  a  yellowish-white  colour,  and  of  the  consistence 
^^^^y  of  cream.  Its  taste  is  insipid,  and  it  has  no  smell  wtei 
cold.  Before  the  microscope  it  exhibits  the  appearance  of 
white  globules  swimming  in  a  transparent  fluid.*  Its  ^>e- 
cific  gravity  varies  from  1*031  to  l-OSS-f 

It  produces  no  change  on  vegetable  blues.];  When  ex* 
posed  to  a  moderate  heat  it  gradually  dries,  and  assumes 
the  appearance  of  horn.  When  exposed  to  destructive 
distillation,  Bergman  obtained  first  about  one-fourth  of  the 
pus  in  the  state  of  insipid  water.    On  increasing  thefirc^  a 

♦  Home  OQ  Ulcers.  f  PearsQO,  Nicholson's  Jour.  xss.  If- 

t  Cruickshaoks. 
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liqnid  came  over,  containing  abundance  of  ammonia,  and  Chap.  ii. 
accompanied  by  gaseous  bodies,  which  were  not  examined. 
Some  concrete  carbonate  of  ammonia  sublimed,  accom^ 
panied  by  empyreumatic  oil.  A  light  brilliant  coal  re» 
mained  of  difficult  incineration.  The  ashes  gave  traces  of 
iron.* 

When  pus  is  left  exposed  to  the  air,  it  gradually  be- 
comes acid,  according  to  Hildebriant;  and  Haller  affirms 
that  it  sometimes  gives  a  red  colour  to  litmus  even  when 
recent  When  thrown  into  water  it  sinks  to  the  bottom. 
When,  agitated  the  mixture  becomes  milky;  butthepua 
separates  again  when  allowed  to  remain  undisturbed. 
However,  by  repeated  agitation,  and  especially  by  the  ap- 
plication of  heat,  a  milky  liquid  is  obtained,  which  passes 
ijB  that  state  through  the  filter. 

Alcohol  thickens , 'pus,  but  does  not  dissolve  it;  neither 
does  pus  unite  with  oils. 

Sulphuric  acid  dissolves  it,  and  forms  a  purple  coloured 
solution.  When  diluted  with  water,  the  dark  colour  dis* 
appears,  and  the  pus  separates ;  either  sinking  to  the  bot- 
tom, or  rising  to  the  surface,  according  to  the  quantity  of 
water  added,  and  the  dme  that  the  solution  has  been  al- 
lowed to  stand.  Diluted  sulphuric  acid  docs  not  act 
upon  it. 

Concentrated  nitric  acid  efiervesces  with  it,  and  forms  a 
yellow  solution,  which  when  recent  is  decomposed  by  water, 
the  pus  subsiding  in  the  state  of  grey  flakes. 

Muriatic  acid  also  dissolves  it  when  heated,  and  the  pus 
IS  separated  by  water. 

With  the  fixed  alkaline  leys  it  forms  a  whitish  ropy  fluid, 
which  is  decomposed  by  water ;  the  pus  precipitating.  Pui^. 
jimmonia  reduces  it  to  a  transparent  jelly,  and  gradually 
disserves  a  considerable  portion  of  it.f 
•  When  nitrate  of  silver  is  dropped  into  the  solution  of 
pns  in  water,  a  white  precipitate  separates.  Nitrate  ef 
mercury  and  corrosive  suldimate  occasion  a  much  more 
copious  flaky  precipitate.^ 

Such  are  the  properties  g[  healthy  pus  hitherto  observed 
iq^  chemists.  They  indicaW  a  con$idenible  analogy  with 
albumen.    Various  observations  have  been  made  to  enable 

*  Gren'sHandbach,  ii.  4S0.  f  Cruickibtnks.  t  Ibid. 
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Book  V.^  phpicians  to  dbtinguish  pus  from  the  inacns  of  the  infeN 
nal  cayitics,  especially  of  the  Inng^    In  cms^  of  copioot 
expectoration,    it  is  sometimes  of  consequence  to  know 
whether  the  matter  thrown  oat  of  the  lungs  is  pas  or  mocta^ 
Mr.  Charles  Darwin  made  a  set  of  experiments  on  the  sub- 
ject, and  pointed  out  three  criteria  which  distinguished 
pus.     1.'  Sulphuric  acid  dissolves  it*     When  the  solution 
is  diluted  the  pus  precipitates ;  but  mucus  treated  in  the 
same  manner  swims.    But  this  disdncticm  depoidsupoa 
the  quantity  of  water  added,  and  is  therefore  amb^oua. 
2.  Pus  is  diffiisible  through  diluted  sulphuric  add,  through 
water,  and  through  brine ;  but  mucus  is  not.    S.  Alkaline 
leys  dissolve  pus;  water  precipitates  pus  thus  dissolved, 
but  not  mucus.     How  far  these  two  last  distinctions  can  be 
trusted,  is  rather  doubtful.    Grasmeyer  has  proposed  the 
following  method,  which  he  considers  as  coropletew    Tritu- 
rate  the  substance  to  be  tried  with  an  equal  quantity  of 
warm  water ;  then  add  to  it  an  equal  portion  of  a  saturated 
solution  of  carbonate  of  potash,  and  set  the  mixture  asid& 
If  It  contains  pus,  a  transparent  jelly  subsides  in  a  few 
hours ;  but  this  does  not  happen  if  only  mucus  be  present.* 
2.  When  the  ulcer  is  ill-conditioned,  the  pus  secreted  in 
it  possesses   different  properties.     It  has  trsually  a  fetid 
smell,  is  much  thinner,    and  to  a  certain  degree  acrid. 
We  are  in  possession  of  two  sets  of  experiments  on  this 
unhealthy  pus :  one  by  Mr.  Cruickshanks  on  the  pus  dis- 
charged from  what  is  called  the  hospital  sore  ;  another  by 
Dr.  Crawford  on  the  matter  of  cancers. 
Put  of  the       The  pus  from  the  hospital  sore  possesses  roost  of  the 
SSe!"**      properties  of  healthy  pus ;  but  is  distinguished  by  its  odour, 
and  by  some  shades  of  difference  when  exposed  to  the 
action  of  the  metallic  precipitates.      Lime-water  changes 
its  fetid  odour,  but  docs  not  destroy  it ;  sulphuric  acid  in- 
creases it,  as  do  alcohol  and  the  solution  of  oxide  of  arsenic 
in  potash.     Bark  has  no  efiect  upon  it ;  but  it  is  destroyed 
by   the  nitrate  of  mercury  and  corrosive  sublimate^  by 
nitric  acid,  and  by  chlorine.     Nitrate  of  silver  does  not 
destroy  it.     Mr.  Cruickshanks  supposes  thi^t  the  fetid  smell 
18  occasioned  by  the  alteration  of  some  part  of  true  pus. 

•  Gren's  Ilandbuch,  ii.  433.    Dr.  Pearson's  experiments  on  pus  de- 
MTVO  the  attention  of  the  reader.    See  Nicholson**  Jour,  xm,  IT. 
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*Hb  considers  the  pus  of  the  hospital  sore  as  a  matter  sui  Chap.  ii. 
geiterisj  which  is  capable  of  generating  more,  and  even  of  ^""^V"^^ 
producing  an  alteration  in  the  system.  Hence,  to  heal  the 
sore,  the  matter  must  be  destroyed,  and  prevented  from 
appearing  again.  This  was  done  by  washing  the  sores 
with  nitrate  of  mercury,  diluted  nitric  acid,  and  chlorine 
at  every  dressing.  This  method  constantly  succeeded  with 
Dr.  RoUo,  except  when  the  sore  was  too  large  to  admit  it 
to  be  put  in  practice  completely. 

3.  The  matter  of  cancer,  examined  by  Dr.  Crawford,  Matter  of 
gave  a  green  colour  to  sjrmp  of  violets.     Potash  produced  f*'**^*'* 
no  change ;  but  sulphuric  acid  extricated  a  gas  which  pos^ 
sessed  many  of  the  properties  of  sulphurcted  hydrogen* 

This  gas  he  supposes  to  exist  in  the  matter  united  to  am- 
monia. The  presence  of  this  compound  explains  the  eF> 
fiscts  of  the  matter  of  cancer,  and  virulent  matter  in  gene- 
ral, •  upon  metallic  salts.  Dr.  Crawford  found  that  the 
odour  of  this  matter  was  completely  destroyed  by  chlorine; 
and  therefore  recommends  it  as  a  proper  substance  for 
washing  cancerous  ulcers. 

4.  Besides  the  species  mentioned  above,  there  are  many 
others  which  we  know  from  their  effects  to  be  peculiar^ 
though  we  cannot  find  any  chemical  distinctions  between 
them  sufficiently  well  marked.  But  that  they  are  specifi- 
cally different  cannot  be  doubted^  if  we  consider  that  every 
one  of  them  produces  a  disease  peculiar  to  itself.  The  mat> 
ter  of  small-pox,  of  venerea  ulcers,  of  cow-pox,  &c  may 
be  mentioned  as  instances. 

JI.      LIQUOR  OF  DROPSY. 

The  liquor  which  fills  the  cavities  of  the  body  in  dropsy 
has  a  yellowish-green  colour,  and  is  sometimes  turbid, 
sometimes  nearly  transparent.  A  few  experiments  on  a 
colourless  liquor  extracted  from  a  dropsical  patient  hav« 
been  published  by  Wurzer :  from  which  it  appears  to  have 
contained  albumen,  mucus,  sulphureted  hydrogen,  phoa- 
phate  of  lime,  muriate  of  soda,  and  soda.*  To  Dr. 
Bostock  we  are  indebted  for  an  examination  of  the  colour- 
less liquid  obtained  by  puncturing  a  tumor  in  the  spine, 
fisnned  in  the  disease  called  spina  bifida.    It  was  slightly 

*  Geblen*8  Jour.  t.  <ki3. 
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Book  V.   opaque,  and  did  not  alter  vegetable  Uuea ;  heat  incieaied 
^-  V    '  ita  opacity,  but  did  not  coagulate  it.    Its  oonatitiienli  woe 
found  to  be  as  fbUows : 

Water 97*8 

Muriate  of  soda  ...•••      1*0 
Albumen 0*5 

GeUtin!  ■.;'.*.'.■.::*.*.'.*.      Si|]pw!K»rtiaig«»jecta«L 
Ume,  a  trace 

100^* 

III.     LIQUOR  OF  BtlSTBKS. 

The  liquid  which  makes  its  appearance  when  die  epider- 
mis is  raised  into  blisters  is  perfectly  tranqparent  and  liquid. 
When  the  blisters  are  artificial,  it  is  usually  yeUow^  and  has 
the  odour  of  the  blistering  plaster.  From  the  eiqperioienis 
of  Maii^ueron,  we  learn  that  it  is  composed  of  the  maoe 
constituents  as  the  serum  of  the  blood.  From  200  parts  of 
this  Uquid  he  obtained, 

Coiwtitu-  Albumen 36 

'^""-  Muriateofsoda....      4 

Carbonate  of  soda  •  •  2 
Phosphate  of  lime  • .  2 
Water 156 

200 1 

Thus  I  have  given  an  account  of  all  those  secretions 
which  have  been  attentively  examined  by  chemists.  Tbe 
remainder  have  been  hitherto  n^Iected ;  partly  owing  to 
the  difficulty  of  procuring  them,  and  partly  on  aocoontof 
the  multiplicity  of  other  objects  which  occupied  the  atten- 
tion of  chemical  philosophers.  It  remains  for  us  now  to 
examine  by  what  processes  these  different  secretions  are 
formed,  how  the  constant  waste  of  living  bodies  is  repaired, 
and  how  the  organs  themselves  are  nourished  and  preserved. 
This  iphall  form  the  subject  of  the  following  Chapter. 

•  Nicholson's  Jour.  xi?.  145.  f  Ann.  de  Cfaim.  xt?.  995. 
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CHAP.  III.  Chap.  III. 

OF  THE  FUNCTIONS  OF  ANIMALS. 

The  intention  of  the  two  last  Chapters  was  to  exhibit  a 
view  of  the  different  substances  which  enter  into  the  com- 
position of  animalsi  as  far  as  the  present  limited  state  of 
our  knowledge  puts  it  in  our  power.  But  were  our  inqui- 
ries concerning  animals  confined  to  the  mere  ingredients 
of  which  their  bodies  are  composed,  even  supposing  the 
analysis  as  complete  as  possible,  our  knowledge  of  the  na- 
ture and  properties  of  animals  would  be  imperfect  indeed. 

How  are  these  substances  arranged  ?  How  are  they  pro- 
duced ?  What  purposes  do  they  serve  ?  What  are  the  dis- 
tinguishing properties  of  animals,  and  the  laws  by  which 
they  are  regulated? 

Animals  resemble  vegetables  in  the  complexness  of  their  Animaltre- 
structure.  Like  them,  they  are  machines  nicely  adapted  !^(^ 
fi>r  particular  purposes,  constituting  one  whole^  and  con- 
tinually performing  an  infinite  number  of  the  most  delicate 
processes.  But  neither  an  account  of  the  structure  of  ani- 
mals, nor  of  the  properties  which  distinguish  them  from 
other  beings,  will  be  expected  here :  these  topics  belong 
entirely  to  the  anatomist  and  physiologist.  I  mean  in  the 
present  Chapter  to  take  a  view  of  those  processes  only  that 
are  concerned  in  the  prodtiction  of  animal  substances,  which 
alone  properly  belong  the  Chemistry.  The  other  functions 
are  rc^rulated  by  laws  of  a  very  different  nature,  which 
have  no  resemblance  or  analogy  to  the  laws  of  Chemistry 
or  Mechanics. 


ve- 


SECT.  I. 

OF  DIGESTION. 


Evert  body  knows  that  animals  require  food,  and  that  Food 
they  die  sooner  or  later  if  food  be  withheld  from  them.  ■*^' 
There  is  indeed  a  very  great  difference  in  the  quantity  of 
feod  which  animals  require,  and  in  the  time  which  liiey 
can  pass  without  it«    In  general,  those  animals  which  ar9 
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Book  V.  most  active  require  most,  and  those  which  are  most  indo- 
^"■V"^  lent  require  least  food.  The  cause  of  this  is  pretty  obvioiis; 
the  bodies  of  animals  do  not  remain  stationary,  they  are 
constantly  wasting;  and  the  waste  is  proportional  to  the 
activity  of  the  animal.  Hence  the  body  roust  receive^  from 
time  to  time,  new  supplies,  in  place  of  what  has  been  car- 
ried off.  The  use  of  food  answers  this  purpose, 
lu  natarc  2.,  We  are  much  better  acquainted  with  the  food  of  ani- 
mals than  of  vegetables.  It  consists  of  almost  all  the  ani- 
mal and  vegetable  substances  which  have  been  treated  of  in 
this  and  the  preceding  Book :  for  there  are  but  very  few  of 
them  which  some  animal  or  other  does  not  use  as  food. 
Man  uses  as  food  chiefly  the  muscles  of  animals,  the  seed  of 
certain  grasses,  and  a  variety  of  vegetable  fruits.  Almost 
all  the  inferior  animals  have  particular  substances  on  whidi 
they  feed  exclusively.  Some  of  them  feed  on  aniiiial% 
others  on  vegetables.  Man  has  a  greater  range ;  he  can 
feed  on  a  very  great  number  of  substances.  To  enumerate 
these  substances  would  be  useless;,  as  we  are  not  able  to 
point  out  with  accuracy  what  it  is  which  renders  one  suIh 
stance  more  nourishing  than  another. 

Many  substances  do  not  serve  as  nourishment  at  aU;  and 
not  a  few,  instead  of  nourishing^  destroy  life.  These  last 
are  called  poisons.  Some  poisons  act  chemically,  by  decom- 
posing the  animal  body.  The  action  of  others  is  not  so 
well  understood. 
Converted  S.  The  food  is  introduced  into  the  body  by  the  mouth, 
in^he  n™'  and  almost  all  animals  reduce  it  to  a  kind  of  pulpy  consist- 
ipach.  ence.  In  man,  and  many  other  animals,  this  is  done  in 
the  mouth  by  means  of  teeth  and  the  saliva  with  which  it  is 
there  mixed ;  but  many  other  animals  grind  their  food  in  a 
different  manner.  After  the  food  has  been  tlius  ground,  it 
is  introduced  into  the  stomach,  where  it  is  subjected  to  new 
changes.  The  stomach  is  a  strong  soft  bag,  of  different 
forms  in  different  animals :  in  man  it  has  some  resemblance 
to  the  bag  of  a  bag-pipe.  In  this  organ  the  food  is  con- 
verted into  a  soft  pap,  which  has  no  resemblance  to  the 
food  when  first  introduced.  This  pap  has  been  called 
chi/77ie, 

4.  Since  chyme  possesses  new  properties,  it  is  evident 
that  the  food  has  undergone  some  changes  in  the  stomach, 
and  that  the  ingredienU  of  which  it  was  composed  have 
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entered  into  new  combinations.     Now,  in  what  manner  Chap.  ill. 
have  these  changes  been  produced  ?  '^"^v*^ 

At  first  they  were  ascribed  to  the  mechanical  action  of  This 
the  stomach.     The  food,  it  was  said,  was  still  farther  tri-  cribeTto*" 
turated  in  that  organ :  and  being  long  agitated  backwards  the  mecha- 
and  forwards  in  it,  was  at  last  reduced  to  a  pulp.     But  this  "j  aie*sta^" 
opinion,  upon  examination,   was  found  not  to   be   true.  mach. 
The  experiments  of  Stevens,  Reaumur,  and  Spallanzani, 
demonstrated  that  the  formation  of  chyme  is  not  owing  to 
ttitaration ;  for  on  inclosing  difierent  kinds  of  food  in  me- 
tallic tubes  and  balls  full  of  holes,  in  such  a  manner  as  to 
screen  them  from  the  mechanical  action  of  the  stomach, 
they  found  that  these  substances,  after  having  remained  a 
sufficient  time  in  the  stomach,  were  converted  into  chym^ 
just  as  if  they  had  not  been  inclosed  in  such  tubes.    Indeed 
the  opinion  was  untenable,  even  independent  of  these  deci* 
aive  experiments,  the  moment  it  was  perceived  that  chyme 
differed  entirely  from  the  food  which  had  been  taken :  that 
is  to  say,  that  U*tlie  same  food  were  triturated  mechanically 
out  of  the  body,  and  reduced  to  pap  of  precisely  the  same 
consistence  with  chyme,  it  would  not  possess  the  same  prb< 
pertics  with  chyme;  for  whenever  this  &ct  was  known,  it 
could  not  but  be  evident  that  the  food  had  undergone 
changes  in  its  composition. 

•  The  change  of  food  into  chyme  therefore  was  ascribed  Aicribed  t* 
by  many  to  fermentation.  This  opinion  is  indeed  very  ^^^^°^' 
ancient,  and  it  has  had  many  zealous  supporters  among 
the  moderns.  When  the  word  fermentation  was  applied  to 
the  change  produced  on  the  food  in  the  stomach,  the 
nature  of  the  process  called  fermentation  was  altogether 
unknown.  The  appearances,  indeed,  which  take  place 
during  that  process  had  been  described,  and  the  progress 
and  the  result  of  it  were  known :  but  no  attempt  had  been 
made  to  explain  the  cause  of  fermentation,  or  to  trace  the 
chaiPges  which  take  place  during  its  continuance.  AH  that 
oould  be  meant,  then,  by  saying  that  the  conversion  of  food 
into  chyme  in  the  stomach  is  owing  to  fermentation, 
wa*  merely,  tliat  the  unknown  cause  which  acted  during 
the  conversion  of  vegetable  substances  into  wine  or  acid,  or 
during  their  putrifaction,  acted  also  during  the  conversion 
of  food  into  chyme,  and  that  the  result  in  both  cases  was 
precisely  the  same.     Accordingly,  the  advocates  for  this 


ruNCTdon  or  animals. 
'.  ofiihfon  attempted  ttf  provr,  tlisl  air  was  constantly  jj&nfr 
rated  in  the  stomach,  and  that  an  acid  was  constantly  pro- 
duced: for  it  was  the  vinous  and  acetous  fermentations 
which  were  assigned  by  the  greater  number  of  physiol(^st8 
as  the  cause  of  the  fbrmntion  of  chyme.  Some  indeed 
sRempted  to  prove  tlmt  it  was  produced  by  the  putriiactire 
fermentation;  but  their  number  was  inconsiderable,  com- 
pared with  lliose  who  adopted  tbe  other  opinion. 

Our  ideas  respecting  fermentntion  arc  now  somewhat 
more  precise.  It  signifies  a  slow  decomposition,  which 
takes  place  when  certain  animal  or  vegetable  substances  are 
mixed  together  nt  a  given  temperature  ;  and  the  consequent 
production  of  particular  compounds.  If,  therefore,  the 
conversion  of  tiie  food  into  chyme  be  owing  to  fermentation, 
It  ia  evident  that  it  is  totally  independent  of  the  stomach 
any  farther  than  as  it  supplies  temperature;  and  that  the 
food  would  be  converted  into  chyme  exactly  in  the  same 
manner  if  it  were  reduced  to  the  same  consistence,  and 
ptnoeti  in  thcsume  temperature  out  of  the  body.  Butlliisis 
'■  by  no  means  the  case ;  substances  are  reduced  to  the  state  of 
chyme  in  a  short  time  in  the  stomach,  which  would  rcmaia 
unaltered  for  weeks  in  the  same  lenipernturc  out  of  the 
body.  This  is  tbe  case  with  bones ;  vfaidi  the  experiihcWte 
of  Stevens  and  ^)allaDzani  have  shown  to  be  soon  d^ested 
m  the  stomach  of  the  dc^.  Further,  if  the  cwjvenkm  of 
food  into  chyme  were  owing  to  fermentation,  it«ugfat  to  go 
on  equally  wdl  in  die  stcKnach  and  oetopbagoa.  Now,^  i( 
was  observed  long  ago  by  Ray  and  Boyle,  that  when  vtmn 
dons  fish  had  sw^owed  animals  too  large  to  be  ooobuOiid 
in  the  stomach,  that  part  only  which  was  hi  the  gtaaaiA 
was  converted  into  chyme,  while  what  was  in  the  aaapbif 
gus  remained  entire;  and  this  has  beoi  fidly  ocmfinnM  by 
Bobsequent  observations. 

Still  ferther,  if  the  conversion  were  owing  to  famenta- 
tiod,  it  ought  always  to  take  place  equally  weQ,  provided 
the  temperature  be  the  same,  wbedier  the  stomach  be  in  a 
healthy  state  ot  not.  But  it  is  well  known  that  this  is  not 
the  case.  "Die  formation  of  chyme  depends  very  mticb  on' 
the  state  of  the  stomach.  When  that  otgan  is  diseased, 
iigmioa  is  constantly  ill  performed.  In  these  emea,' 
indeed,  fenDenUti<Hi  sometimes  appeat%  and  isY>dDcea  fltto^ 
fence,  acid  emctatiMls,  &c.  wUch  are  tbe  weU-known 
S 
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•ympCoau  of  indigeition*  These  fiictlr  whidi  have  been  chip.  ill. 
loDg  known,  are  incompatible  with  thd  rapposition,  that 
the  formation  of  chyme  ift  owing  to  fermentation.  Accord- 
ingly that  opinion  has  been  tor  some  time  abandoned,  by 
all  thos^  at  least  who  have  taken  the  trouble  to  examine  the 
subject 

The  ibrmation  of  chyme,  then,  is  owing  to  the  stomach ;  owing  to 
and  it  has  been  concluded,  from  die  experiments  of  Stevens,  ^^J^^ 
Reanmur,    SpaUanzaniy   Soopoli,   Brugnatelli,    Carimiiri,  tricjuiceT 
ftc.  that  its  formation  is  brought  about  by  the  action  of  a 
particular  liquid  secreted  by  the  stomach,  and  for  that 
reason  called  gastric  juice. 

That  it  is  owing  to  the  action  of  a  liquid  is  evident ; 
because^  if  pieces  of  food  be  inclosed  in  close  tubes,  they 
pass  through  the  stomach  without  any  farther  alteration 
than  would  have  taken  place  at  the  same  temperature  out  of 
the  body ;  but  if  the  tubes  be  perforated  with  small  holei^ 
the  food  is  converted  into  chyme. 

This  liquid  does  not  act  indiscriminately  upon  all  sub*  Ratine  of 
stances :  for  if  grains  of  com  be  put  into  a  perforated  tube,  5^5  ^^^ 
and  a  granivorous  bird  be  made  to  swaDow  it,  the  com  wiU^^^^ 
remain  the  usual  time  in  the  stomach  without  alteration ; 
whereas  if  the  husk  of  the  grain  be  previously  taken  of(^ 
the  whole  of  it  will  be  converted  into  chyme.  It  is  well 
known,  too,  that  many  substances  pass  unaltered  through 
the  intestines  of  animals,  and  conseqtiently  are  not  acted 
upon  by  the  gastric  juice*  This  is  the  case  frequently  with 
grains  of  oats,  when  they  have  been  swallowed  by  horses 
entire  with  their  husks  on.  This  is  the  case  also  with  the 
seeds  of  apples,  &c.  when  swaUowed  entire  by  man ;  yet 
tiiese  very  substances,  if  they  have  been  previously  ground 
suflBciently  by  the  teeth,  are  diges.ted.  It  appears,  therefore^ 
that  it  is  chiefly  the  husk  or  outside  of  these  substances 
which  resists  the  action  of  the  gastric  juice.  We  see,  also, 
that  trituration  greatly  &cilitates  the  conversion  of  food 
into  chyme. 

The  gastric  juice  is  not  the  same  in  all  animals;  for 
many  animals  cannot  digest  tlie  food  on  which  others  live. 
The  conium  maadatum  (hemlock),  for  instance,  is  a  poiscm 
to  man  instead  of  food,  yet  the  goat  oflen  feeds  upon  it. 
Many  animals^  as  sheep,  live  whoUy  upon  vegetables;  and 
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Book  V.   if  they  are  made  to  bed  on  animaby  their  stomachs  will  ml 
^"""N^*^  digest  them :  others,  afjain,  as  the  eagle^  feed  wholly  on 
animal  substances,  and  cannot  digest  TegeCables. 

The  gastric  juice  does  not  continne  always  of  the  nme 
nature,  even  in  the  same  animal;  it  changes  gradnslly 
according  to  circumstances.  Graminivoroos  animals  msj 
be  brought  to  live  on  animal  food ;  and  after  they  have 
been  accustomed  to  this  for  .some  time,  their  stomachs 
become  incapable  of  digesting  vegetables.  On  the  other 
hand,  those  animals  which  naturally  d%est  nothing  but 
animal  food  may  be  brought  to  digest  vegetables. 

5.  What  is  the  nature  of  the  gastric  juice  which  pos- 
sesses these  singular  properties?  It  is  evidently  difleient 
in  different  animals;  but  it  is  a  very  difficult  task,  if  not  an 
Method!  of  impossible  one,  to  obtain  it  in  a  state  of  purity.  Various 
^an°s  attempts  have  indeed  been  made  by  very  ingenious  phi- 
losophers to  procure  it;  but  their  analysis  of  it  is  sufficient 
to  show  us  that  they  have  never  obtained  it  in  a  state  of 
purity. 

The  methods  which  have  been  used  to  procure  gastric 
juice  wrBiJirstf  to  kill  the  animal  whose  gastric  jmce  is  to  be 
examined  after  it  has  ftisted  for  some  time.  By  this  method 
Spallanzani  collected  37  spoonfuls  from  the  two  first  sto- 
machs of  a  shcq[).  It  was  of  a  green  colour,  undoubtedly 
owing  to  the  grass  whidi  the  animal  had  eaten.  He  found 
also  half  a  spoonful  in  the  stomach  of  some  young  crows 
which  he  killed  before  they  had  left  their  nest. 

Small  tubes  of  metul  pierced  with  holes,  and  containing 
a  dry  sponge,  have  been  swallowed  by  animals ;  and  when 
vomited  up,  the  liquid  imbibed  by  the  sponge  is  squeesed 
out  By  tins  method,  Spallanzani  collected  481  grains  of 
gastric  juice  from  the  stomachs  of  ftve  crows. 

A  t/urd  method  consists  in  exciting  vomiting  in  the  morn- 
ing, when  the  stomach  is  without  food.  Spallanzani  tried 
this  method  twice  u]K)n  himself  and  collected  one  of  the 
times  1  oz.  32  gr.  of  liquid ;  but  the  pain  was  so  great  that 
he  did  not  think  proper  to  try  the  experiment  a  third  time. 
Mr.  Gossc^  however,  who  could  excite  vomiting  wheliever 
he  thought  proper,  by  swallowing  air,  has  employed  that 
method  to  collect  gastric  juice. 

Spallanzani  has  observed  that  eagles  throw  up  every 
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moming  a  quantity  of  liquid^  wbicb  he  consideft  a§  gastric  Chip.  III. 
juice ;  and  he  has  availed  himself  of  this  to  collect  it  in  con-  ^**v*^ 
siderable  quantities. 

It  is  almost  unnecessary  to  remark  how  imperfect  these' 
difierent  methods  are,  and  how  far  every  conclusion  drawn 
from  the  examination  of  such  juices  must  deviate  from  the 
truth.  It  is  impossible  that  the  gastrin  juice  obtained  by 
any  one  of  these  processes  can  be  pure;  because  in  the 
stomach  it  must  be  constantly  mixed  with  large  quantities' 
of  saliva,  mucus,  bile,  foodi  8cc.  It  may  be  questioned, 
indeed,  whether  any  gastric  juice  at  all  can  be  obtained  by 
these  methods ;  for,  as  the  intention  of  the  gastric  juice  is 
to  convert  the  food  into  chyme^  in  all  probability  it  is  only 
secreted,  or  at  least  thrown  into  the  stomach,  when  food  is 
present. 

We  need  not  be  surprised,  then,  at  the  contradictory  Attempts  t» 
accounts  concerning  its  nature^  given  us  by  those  philoso-  ^^y^  '^* 
phers  who  have  attempted  to  examine  it ;  as  these  relate  not 
so  much  to  the  gastric  juice,  as  to  the  different  substances 
found  in  the  stomach.  The  idea  that  the  gastric  juice  can 
be  obtained  by  vomiting,  or  that  it  is  tlirown  up  spon- 
taneously by  some  animals,  is,  to  say  the  least  of  it,  very 
for  from  being  probable. 

According  to  Brugnatelli,  the  gastric  juice  of  carnivorous 
animals,  as  hawks,  kites,  &c.  has  an  acid  and  resinous 
odour,  is  very  bitter,  and  not  at  all  watery ;  and  is  composed 
of  an  uncombined  acid,  a  resin,  an  animal  substance,  and  a 
small  quantity  of  muriate  of  soda.*  The  gastric  juice  of 
herbivorous  animals,  on  the  contrary,  as  goats,  sheep,  &c* 
is  very  watery,  a  little  muddy,  has  a  bitter  saltish  taste^  and 
contains  ammonia,  an  animal  extract,  and  a  pretty  laif^ 
quantity  of  muriate  of  soda.t  Mr.  Carminati  found  the 
same  ingredients ;  but  he  supposes  that  the  ammonia  had 
been  formed  by  the  putrifaction  of  a  part  of  their  food,  and 
that  in  reality  the  gastric  juice  of  these  animals  is  of  an  acid 
nature,  t 

The  accounts  which  have  been  given  of  the  gastric  juice 
of  man  are  so  various,  that  it  is  not  wortli  while  to  tran- 

•  ScopoliyMacquer's  Diet.  f  Ibid. 

t  S«ontbier'fl  Obtorratioiis  on  Gastric  Juice. 
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■cribe  )hao^  Sometimes  it  has  been  found  of  an  acid 
nature,  at  other  timet  not.  I'iie  ex|>erimenu  of  Spallsnzani 
are  auflicienl  to  show  tliat  this  acidity  is  not  owing  to  the 
goetric  juice,  but  to  the  tbod.  He  never  rouiiil  uny  adcUty 
in  tlie  gofitric  juice  of  birds  of  prey,  nor  of  aerpcnts,  frogs, 
and  fishes.  Crows  gave  an  acidulous  gastric  juice  only 
Bl|.  when  fed  on  grain  ;  and  he  found  that  the  same  observa- 

tion holds  widi  respect  to  dogs,  herbivorous  animals,  and 
domestic  fowls.  Carnivorous  birds  tJirew  up  pieces  of  shells 
and  coral  without  alteration ;  but  tlic:ic  substances  wero 
sensibly  diminished  in  the  stomnchs  of  hcos,  even  when  ii> 
dosed  In  perforated  tubes.  Spallanzani  himself  swallowed 
calcareous  Gubitmices  inclosed  in  tubes;  and  when  he  fed 
OB  vegetables  and  fruits,  they  were  sometimes  altered  and 
B  little  dimiutslied  in  weight,  just  as  if  they  had  bocn  put 
into  weak  vinegar;  but  when  he  used  only  animal  food, 
they  came  out  untouched.  According  to  this  philosopher, 
whose  experiments  have  been  by  far  the  most  numerous, 
the  gastric  juice  Is  naturally  neither  acid  nor  alkaline. 
When  poured  on  the  carbonate  uf  potwli,  It  causes  no 
«dlervesctince. 

-  Such  are  the  resulis  of  the  experiments  on  tlie  juices  taken 
from  tlie  stouiitch  of  animals.  No  cnnchision  can  be  drawn 
fixun  them  reelecting  the  nature  1^  the  gastric  juio&  But 
fcotn  the  enieriinents  which  have  been  made  on  th^  ^aea^ 
tioa  of  the  stomach,  eqiecially  by  ^ullanzani,  the  ft^hnring 
facts  ace  establiahed: 
iti  efffect  OB  The  gaMric  juice  attacks  the  nirfiwe  of  bodie%  iwitM  to 
ttwfood.  ^  pai^es  of  them,  which  it  carries  c^  and  caimot  be 
Separated  firom  them  by  filtration.  It  operates  with  Biom 
energy  and  nipidi^  the  more  the  food  is  divided,  and  ita 
action  is  increased  by  a  warm  temperature.  Hie  food  is  not 
merely  reduced  to  very  minute  parts;  its  taste  and  smdl  an 
quite  changed ;  its  sensible  pn^ierties  are  destroyed)  and  it 
acquires  new  and  very  different  ones.  This  juice  does  net 
octasafermait;  so  fiir  from  it,  that  it  is  a  powerful  anti- 
septic^  and  evm  restores  Besb  already  putrified.  There  is 
not  the  smallest  appearance  of  such  a  process ;  indeed,  whea 
the  juice  is  renewed  frequently,  as  in  the  stomach,  sabetan- 
ces  dissolve  in  it  with  a  rapid^  which  excludes  dl  idea  of 
fermentation.    ODoIy  a. few  air  bobbles  mak*  th"^  escwc^ 


oiGEanoir.  60T 

which  adhere  to  the  elementary  matter,  and  buoy  it  up  t6  Cb«i>.  111. 
the  top,  and  which  are  probably  extricated  by  the  heat  of 
the  solution. 

With  respect  to  the  substances  contained  in  the  stomach,  Sutetaneet 
.only  two  facts  have  been  perfectly  ascertained:  the  finti^^^^^^ 
that  the  juice  contained  in  the  stomach  of  oxen,  calvesi  mscSu 
sheep,  invariably  contains  uncombined  phosphoric  acid,  as 
Macquart  and  Vauquelin  have  demonstrated:  the  second, 
that  the  juice  contained  in  the  stomach,  and  even  the  inner 
coat  of  the  stomach  itself,  has  the  property  of  coagulating 
milk  and  the  serum  of  blood.     Dr.  Young  found  thftt 
seven  grains  of  the  inner  coat  of  a  calf's  stomach,  infused  in 
water,  gave  a  liquid  which  coagulated   more    than    IQQ 
ounces  of  milk ;  that  is  to  say,  more  than  6857  times  its  Qwn 
wcdght :  and  yet,  in  all  probability,  its  weight  was  not  much 
diminished. 

What  the  substance  is  which  possesses  this  coagulating 
property  has  not  yet  been  ascertained ;  but  it  is  evidently 
not  very  soluble  in  water :  for  the  inside  of  a  calfs  stomadi* 
^fier  being  steeped  in  water  for  six  hours,  and  then  wdl 
washed  with  water,  still  furnishes  a  liquor  on  infusion  which 
coagulates  milk  :*  And  Dr.  Young  finmd  that  a  piece  of  the 
inner  coat  of  the  stomach,  after  being  previously  washed 
with  water,  and  thep  with  a  diluted  solution  of  carbonate  of 
potash,  still  afforded  a  liquid  which  coagulated  milk  and 
9erum. 

It  is  evident,  from  these  facts,  that  this  coagulating  sub- 
stance, whatever  it  is,  acts  very  powerfully;  and  that  it 
is  scarcely  possible  to  separate  it  completely  from  the  sto^ 
^lach.  But  we  know  at  present  toO  little  of  the  nature  of 
coagulation  to  be  able  to  draw  any  inference  from  these 
fiicts.  An  almost  imperceptible  quantity  of  some  substances 
seems  to  be  sufficient  to  coagulate  milk:  For  Mr.  VaiUant 
mentions,  in  his  Travels  in  Africa,  that  a  poroekdn  dish 
which  he  procured,  and  which  had  lain  for  some  yean  at 
the  bottom  of  the  sea,  possessed,  in  consequence^  Uie  pro- 
perty of  coagulating  milk  when  put  into  it;  yet  it  commu- 
nicated no  taste  to  the  milk,  and  did  not  differ  in  appear^ 
ance  from  other  cups. 

It  is  probable  that  the  saliva  is  of  service  in  the  conver* 

«  Dr.  Young* 
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took  V.   ■ion  orfbod  into  chyme  as  well  as  the  gastric  juice.    It 
^'  v""^  evidendy  serves  to  dilute  the  food ;  and  probably  it  may  be 

serviceable  also  by  communicating  oxygen. 
x:trme  ^*  The  chyme,  thus  formed,  passes  from  the  stomach  into 

conirerted  (he  intestines,  where  it  is  sutjected  to  new  change^  and  at 
l^l^omt  Iwt  converted  into  two  very  di£ferent  substances,  chyle  and 
menu        excrementitious  matter. 

Mtrare  of  The  ckyle  is  a  white-coloured  liquid,  very  much  resem- 
^^  bling  Wood  in  iu  properties ;  with  this  diflerence  that  the 
globules  which  float  p  it  instekl  of  being  red  as  is  the  case 
with  the  colouring  globules  of  the  Mood,  are  white.  But 
the  nature  and  constituents  of  chyle  have  been  described  in 
th6  preceding  chapter.  Dr.  Charles  Smith,  of  New  Jersey, 
relates  an  instance  of  a  drc^y  of  the  abdomen,  in  which 
the  liquid  accumulated  appears  to  have  been  chyle.  Hie 
patient,  a  boy  twelve  years  of  age,  was  tapped  twice,  and 
each  time  between  seven  and  eight  quarts  of  liquid  ab- 
stnu^ied.  Its  colour  was  chalky-white,  and  resembled  milk 
pretty  nearly,  both  in  its  taste,  smell,  and  appearance.  On 
standing  a  night,  it  threw  up  a  good  cream,  though  not  so 
much  in  proportion  as  cow's  milk  usually  does.* 
It!  forma-  7.  Concerning  the  process  by  which  chyle  is  formed  from 
micit  pi^  chyme^  scarcely  any  thing  is  known.  It  does  not  appear 
that  the  chyme  is  precisely  the  some  in  all  animals ;  for  those 
which  are  herbivorous  have  a  greater  length  of  intestine 
than  those  which  are  carnivorous.  It  is  certain  that  the 
formation  of  the  chyle  is  brought  about  by  a  chemical 
change,  although  wc  cannot  say  precisely  what  that  change 
is,  or  what  the  agents  are  by  which  it  is  produced.  But 
that  the  change  is  chemical,  is  evident,  bec^ause  the  chyle  is 
entirely  different,  both  in  its  properties  and  appearance, 
from  the  chyma  The  chyme,  by  the  action  of  the  intes- 
tines, is  separated  into  two  parts,  chyle  and  excrement :  the 
first  of  which  is  absorbed  by  a  number  of  small  vessels  called 
lacteals;  the  second  is  pushed  along  the  intestinal  canal, 
and  at  last  thrown  out  of  the  body  altogether. 

After  the  chyme  has  been  converted  into  chyle  and  excre- 
ment, although  these  two  substances  remain  mixed  togs' 
ther,  it  does  not  appear  that  they  are  able  to  decompose 
each  other;  for  persons  have  been  known  seldom  or  never 

•  PhiL  Mag.  ix.  1(5. 
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to  emit  any  excremcntitiouB  matter  per  anum  Sat  years.  In  Cbap.  ill. 
these^  not  only  the  chyle,  but  the  excrementitioua  matter  ^^"N^"^ 
alM>,  WOK  absoi'bed  by  the  locteois ;  and  the  excrement  was 
afterwards  thrown  out  of  the  body  by  other  outlets,  particu- 
hirly  by  the  skin  :  in  consequence  of  which,  those  persons 
have  constantly  that  particular  odour  about  them  which  dis- 
tinguishes excrement  Now,  in  diese  persons  it  is  evident 
that  the  chyle  and  excrement,  though  mixed  together,  and 
eren  absorbed  together,  did  not  act  on  each  other;  because 
these  persons  have  been  known  to  enjoy  good  health  for 
years,  which  could  not  liavc  been  the  case  had  the  chyle 
been  destroyed. 

It  has  been  supposed  by  some  that  the  decomposition  of  u$e  of  tht 
the  chyme,  and  the  formation  of  chyle,  is  produced  by  the^''^' 
agency  of  the  bile,  which  is  poured  out  abundantly,  and 
mixed  with  the  chyme,  soon  after  its  entrance  into  the  in- 
testines. If  tills  theory  were  true,  no  chyle  could  be  formed 
whenever  any  accident  prevented  the  bile  from  passing  into 
the  intestinal  canal :  but  this  is  obviously  not  the  cose ;  for 
frequent  instances  have  occurred  of  persons  labouring  under 
jaundice,  from  the  bile  ducts  being  stopped,  either  by  gall- 
stones or  some  other  cause,  so  completely,  that  no  bile  could 
pass  into  the  intestines ;  yet  these  persons  have  lived  for  a 
considerable  time  in  that  state.  Consequently  digestion, 
and  therefore  the  formation  of  chyle,  must  be  possible,  in- 
depend^it  of  bile. 

The  principal  use  of  the  bile  seems  to  be  to  separate  the 
excrement  from  the  chyle,  after  both  have  been  formed,  and 
^  to  produce  the  evacuation  of  tlie  excrement  out  of  the  body* 
It  is  probable  that  these  substances  would  remain  mixed  to- 
gether, and  that  they  would  perhaps  even  be  partly  absorbed 
together,  were  it  not  for  the  bile^  which  seems  to  combine 
with  the  excrement,  and  by  tliis  combination  to  facilitate 
its  separation  from  the  chyle,  and  thus  to  prevent  its  absorp- 
tiim.  Fourcroy  supposes  tliat  the  bile,  as  soon  as  it  is  mixed 
with  the  contents  of  the  intestinal  canal,  suflTers  a  decompo- 
aition;  that  its  alkali  and  saline  ingredients  combine  with 
.  the  chyle,  and  render  it  more  liquid,  while  its  albumen  and 
.picroroel  combine  with  the  excrehientitious  matter,  and 
gradually  render  them  less  fluid.*     From  the  experiments 

•  tjourcroy,  x.  40. 
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Book  V.  of  Benelioft  cm  feces,  dei^ed  in  the  preee^i^  cbtpter,  it 

^"*v*^  cannoc  be  doubted  that  the  oonstitnents  of  tibe  Inle  are  to 

be  found  in  the  excrementitious  matter:  so  that  the  ingenn 

ons  theory  of  Fonrcroy  is  so  fiur  probablew     The  bile  also 

stimulates  the  intestinal  canal,  and  causes  it  to  evacnate  its 

contents  sooner  than  it  otherwiae  would  do;  for  when  thcvs 

is  a  deficioicy  of  bile  the  body  is  oonstandy  costive. 

Chyle  8.  The  chyle,  after  it  .has  been  absorixsd  by  die  lacteals^ 

J^^^**  is  carried  by  them  into  a  pretty  large  Tesset,  known  by  the 

name  of  the  thomdc  dud.    Into  the  same  ressel  likewise  is 

discharged  a  tranq)arent  fluid,  conveyed  by  a  set  of  Tessds 

which  arise  from  aU  the  cavities  of  the  body.    These  vessds 

are  called  k/mphaiics^  and  the  fluid  which  they  convey  is 

called  lymph.    In  the  thoradc  duct,  th^  the  chyle  and 

the  lympth  are  mixed  together. 

Veiy  little  is  known  concerning  tbe  nature  of  the  bfmpkf 
as  it  is  scarcely  possible  to  collect  it  in  any  quanti^.  It  is 
colourless,  has  some  viscidity,  and  is  said  to  be  qiedfically 
heavier  than  water.  Mr^  Brande  fomid  that  it  did  not 
coagulate  when  heated,  but  he  separated  albdroen  by  means 
of  the  galvanic  battery.  He  found  initalsosome  common  salt; 
but  no  iron.*  From  the  observaticms  of  Berzelius  it  is  pro- 
bable that  it  contains  the  lactates*  It  is  said  to  be  ooagula- 
ble  by  heat;  if  so,  it  omtains  albumen.  Its  qnanti^  is 
certainly  considerable,  for  the  lymphatics  are  very  numerous. 
And  it  con-  9.  The  chyle  and  lymph  being  thus  mixed  together,  are 
t^he^uMt.  conveyed  directly  into  the  blood  vessels.  The  effect  pro- 
duced by  their  union  in  the  thoracic  xluct  is  not  known,  but 
neither  the  colour  nor  external  properties  of  the  chyle  are 
altered.  In  man,  and  many  oUier  animals,  the  thoracic 
duct  enters  at  the  junction  of  the  left  subclavian  and  csrodd 
•veins,  and  the  chyle  is  conveyed  directly  to  the  heart,  mixed 
with  the  blood,  which  already  exists  in  the  blood  vessels. 
From  the  heart,  the  blood  and  chyle  thus  mixed  together 
are  propelled  into  the  lungs,  where  they  uiidei^go  brther 
-'^.  changes. 

GumIo         10.  The  stomach  and  intestines  usually  contain  some 
tiaM?'^    gaseous  matters.    Indeed  it  is  probable  that  common  air  is 
swallowed  along  with  the  food.    But  from  the  experiments 
of  Magendie  and  Chevreul  there  is  reason  to  behave^  that 

•  PbU.Tnas.18iS,  p.  07. 
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the  oxygen  gas  which  usually  exists  in  the  stomach  in  a  Chap.  Ill* 
ccmsiderable  proportion  when  compared  with  the  other 
gases,  gradually  diminishes,  and  at  last  disappears  as  we 
proceed  along  the  course  of  the  alimentary  canal ;  while  at 
the  same  time,  the  proportion  of  carbonic  acid  gas  and  of 
hydrogen  gas  increases.  They  examined  the  gaseous  con- 
tents of  the  stomach  and  intestines  of  four  criminals  exe- 
cuted in  Paris,  very  soon  after  death.  The  results  were  as 
follows : 

1.  Gases  in  the  stomach. 

Oxygen    11*00 

Carbonic  acid  • .  14*00 
Hydrogen  • .  •  •  •  3*55 
Azote 71*45 

100*00 

2.  Gases  in  the  small  intestines. 

Oxygen    OHX)....'    0*00....    0^ 

Carbonic  acid  .  •  24*39  •  •  • .  40*00 ....  25*0 
Hydrogen  ....  f66*6$^»  •  •  51*15 ....  8*4 
Azote   20*08....     8*85. •••  66*6 

l<i6*66         100*00         100*0 

5.  Gases  in  the  large  intestines. 

Qxygisn  •• .. ..  ;^;. ;  «..^.V»  %4'   0*00..  <•    0f0.:.« 

Carbonic  acid  ••...«»  .ir.>....  4S*50«b»»  .7:00 

Hydrogen  md  ewfbavist^X    -,j.- :  ^     t,.- 
,  foggpn./....^,.V..;J     ^^^Vv"' 

.  iA8}0te  .« •'p  ..•»'»•  »•  f  ••(•«.  •  *.  61*03  •  .1. '•    io*4 
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100-00         100*0 
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4.  Gaaei  in  the  ocecum. 

■  --■  Oxygen;.',//.  J. .;....  '(^  •;■  '•''  '■   ' 

Canxmic aidQ  J,.'....'  Isi'S  ,  ' 

'   '  '    ,      Hydwgeri '.'........,    7-5        , 

.  CarbilKt^'hjtdrogen ;  12-5 

"■■'  ■  ■  'Aaote/.:..':..''!;.....  67^"    •;■"•  . 

;..i  i  !     ...i..i  ■      100*09 
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Biiok  V.       5.  Gases  in  the  rectum. 

Oxygen    0*00 

Carbonic  acid 42*86 

Carbureted  hydrogen .  •  WIS 
Azote   45-96 


■I- 


100-00  • 

Such  are  the  phenomena  cf  digestion^  as  fiur  as  tbey 
have  been  traced.  Hie  food  is  first  conrejed  to  the 
stomachy  where,  by  means  of  tlic  gastric  juice,  it  is  con- 
verted into  chyme.  Tlie  chyme  passes  into  the  intestinal 
canal,  where  it  is  subjected  to  a  new  process,  being  gra- 
dually decomposed  and  converted  into  chyle  and  excremen- 
titious  matter,  which,  by  means  of  the  bOe,  are  separated 
from  each  other.  The  excrementitious  matter  is  evacuated, 
but  the  chyle  is  absorbed  by  the  lactcals,  and  conveyed  to 
the  blood  vessels  and  lungs.  Let  ns  now  cndetvoor  to  truce 
the  changes  produced  on  it  by  these  organs* 


SECT.  IL 
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Retpintion  The  absolute  necessity  of  respiration,  or  of.  something 
neceiiary.  analogous;  is  Known  to  everyone;  and  few  are  ignorant 
that  in  man,  and  hot  blooded  animals,  the  organ  by  which 
respiration  is  performed  is  the  lungs.  Now  respiration  con- 
sists in  drawing  a  certain  quantity  of  air  into  the  longs, 
and  throwuig  it  out  again  alternately.  Whenerer  this 
function  is  suspended,  even  for  a  veiy  short  tim^  the  ani- 
mal dies.  .     . 

The  fluid  respired  by  animals  is  common  atmospherical 
air ;  and  it  has  been  ascertained  by  experiment,  that  no 
other  gaseous  body  with  which  we  ^rc  acquainted  can  be 
substituted  for  it*  All  tlie  known  gases  have  been  tried ; 
but  they  all  prove  fatal  to  the  animal  which  is  made  to 
breathe  them.    Caseous  bodies,  as  far  as  respiration  is  coQ- 

*  Ami.  de  Chim.  et  Phyi.  u.  S92. 
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cerned,  may  be  divided  into  two  classes:  1.  Unrespirable  Chap.  III. 
gases ;  2.  Rcspirable  gases.  ^^-^•— ^ 

I.  The  gases  belonging  to  the  first  class  are  of  such  a  Unre<pir- 
nature  that  they  cannot  be  drawn  into  the  lungs  of  animals  ^^^^  ^*'*** 
at  all;  the  epiglottis  closing  spasmodically  whenever  they 
are  applied  to  it.  To  this  class  belong  carbonic  acid,  and 
probably  all  the  other  acid  gases,  as  has  been  ascertained 
by  the  experiments  of  Pilatre  de  Rozier.*  Ammoniacal 
gas  belongs  to  tliesame  class;  for  the  lungs  of  animals 
suffocated  by  it  were  found  by  Pilatre  not  to  give  a  green 
colour  to  vegetable  blues.f 

IL  The  gases  bekminnir  to  the  second  class  may  be  Retpirablc 
drawn  into  tlie  lungs,  and  thrown  out  again  without  any  ^  j^i^^ 
opposition  frcun  the  respiratory  organs ;  of  course  the  ani- 
mal is  capable  of  respiring  them.    They  may  be  divided 
into  four  subordinate  classes:  1.  The  first  set  of  ffases  oo-  i-  Sufib- 
casion  death  immediately,  but  produce  no  visible  change 
in  the  blood.    They  occasicm  the  animal's  death  merely  by 
depriving  him  of  air,  in  the  same  way  as  he  would  be  suf- 
focated by  being  kept  under  water.    The  only  gases  which 
belong  to  this  class  are  hydrogen  and  azotic.    2.  The  second  a*  Kill  by 
set  of  gases  occasion  death  immediately,  but  at  the  same  ^^^"1 
time  they  produce  certain  changes  in  the  blood,  and  there-  the  blood. 
fore  kill  not  merely  by  depriving  the  animal  of  air,  but  by 
certain  specific  properties.     The  gases  belongings  to  this 
class  are  carbureted  hydrogen^  stdpJutreted  hydrogerijX  car"  a.  Support 
borne  oxide^  and  perhaps  also  mtrous  gtis.    S.  The  third  set } Jl^l ™'*'' 

*  Jour,  de  Phys.  xxTiii.  418.  Pilatre  de  Rosier  went  into  a  brewer's 
tab  while  full  of  carbonic  acid  ffa  evolved  by  fermentation.  A  gentle 
heatmanifeflted  itself  in  all  parts  of  his  body,  and  occasioned  a  sensible 
perspiration.  A  slight  itching  sensation  constrained  hini  finequently  to 
shot  his  eyes.  When  he  attempted  to  breathe,  a  violent  feeling  of  suffo- 
cation prevented  him.  He  sought  for  die  steps  to  get  out ;  but  not  finding 
them  readily,  the  necessity  of  breathing  increased,  he  became  giddy,  and 
felt  a  tingling  sensation  in  his  ears.  As  soon  as  his  mouth  reached  the 
air  he  breathed  freely,  but  for  some  time  he  could  not  distinguish  objects; 
his  face  was  purple,  his  limbs  weak,  and  he  understood  with  difiicultj 
what  was  said  to  him.  But  these  symptoms  soon  lofl  him.  He  repeated 
the  experiment  often ;  and  always  found,  that  as  long  as  he  continued 
without  breathing,  he  eould  speak  and  move  about  without  inoonve- 
aieace;  but  whenever  he  attempted  to  breathe,  the  feeling  of  suSbcation 
on.    Ibid.  p.  422. 

t  Jour,  de  Phys.  Xxviii.  434. 

X  See  Chttusier*s  experiments,  ibid.  Ivi.  35. 
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Book  V.  ordinary  inspiration,  16*5  cubic  inches  of  air  are  draiwi 
into  the  lungs.  In  their  experiments  the  average  quantity 
dt  flff  thrown  out  of  the  lungs  in  an  exspiration  amounted 
to  61  cubic  inches,  but  the  breathing  was  much  fuller  and 
slower  than  usual.  In  one  case  a  forced  expiration  amount- 
ed to  166  cubic  inches;  in  another  to  M4  cubic  inches. 
From  the  -experiments  of  the  same  gentlemen  it  appears, 
that  the  lungs  of  a  stout  man  about  five  feet  ten  inches  high 
after  death  contain  nearly  100  cubic  inches  of  air.* 

Dr.  Menzies'  .estimate  of  an  ordinary  inspiration  seems 
to  approach  ndirest  the  average;  but  Dr.  Bostock  has 
shown  that  his  estimate  of  the  capacity  of  the  lungs  is  too 
Tow.  Perhaps  we  shall  not  err  very  much  if  we  suppose^ 
with  him,  that  the  ordinary  quantity  of  air  contained  in 
the  lungs  is  280  cubic  inches ;  and  that  40  inches,  or  -fth 
of  the  whole,  is  drawn  in  and  tlirown  out  at  every  ordinary 
respiration.  This,  supposing  20  respirations  in  a  minute, 
will  make  tlic  quantity  of  air  drawn  in  and  thrown  oot 
cS  the  lungs  every  minute  amount  to  800  inches;  to 
48,000  inches  in  the  hour;  and  to  l,15if,000  inches  in 
24  hours,  which  amounts  to  rather  more  than  52^^  lbs  avoir- 
dupois. If  this  estimate  is  too  high,  it  is  probably  at  least 
as  near  the  truth  as  that  of  Alien  and  Pepys,  which  appears 
as  much  too  low. 

Let  us  now  endeavour  to  trace  the  changes  produced  by 
respiration.  These  are  of  two  kinds,  namely,  1.  The 
changes  produced'  upon  the  air  res})ired ;  2.  Changes  pro- 
duceii  u))on  the  blood  exposed  to  this  air.  Each  of  these 
naturally  claims  our  attention. 

I.  For  our  knowledge  of  the  changes  produced  upon  the 
air  by  respiration,  we  are  chiefly  indebted  to  Priestley, 
Cigna,  Mcnzies,  Lavoisier,  aiui  Seguin,  Davy,  Allen, 
and  Pcpys.  These  changes  are  the  following :  1.  Part  of 
the  oxygen  of  the  air  respired  disappears ;  2.  Carbonic  acid 
gas  is  found  in  its  place ;  3.  It  is  loaded  witli  water  in  the 
state  of  vapour. 

1 .  A  considerable  number  of  experiments  have  been  made 
to  determine  the  change  of  bulk  which  air  undergoes  by 
being  respiretl.  According  to  Dai-y,  air,  by  a  single  in- 
spiration and  expiration,  is  diminished  irom  -^th  to  Turtb 
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eonuined  in  the  air  in  which  they  are  confined  before  they  Chip.  III. 
die.  Mr.  Vauquelin's  experiments  were  made  on  the  gryUus  ^^**v^^ 
viridissimusj  the  limax^fiavuSf  and  helix  pomatia.'^ 

The  quantity  of  air  respired  difiers  very  much  in  different 
animals.  Man  and  hot4>looded  anim^  are  under  the 
neceasi^  of  breathing  constantly ;  whereas  amphibious  ani- 
mals have  a  certain  power  over  respiration^  and  can  suspend 
the  function  altogether  for  a  limited  time.  Dr.  Barclay 
has  ascertained  that  these  animals  acquire  a  much  greater 
command  over  their  re^iratory  organs  by  habit.  Fish  do 
not  breathe  at  all,  and  consume  so  little  air,  that  the  small 
portion  of  it  held  in  solution  by  the  water  in  which  they  Nomber  ur 
swim  is  sufficient  for  them.  It  appears  that  the  number  of  ^^* 
respirations  made  in  a  giv^i  time  difier  considerably  in  dif- 
ferent men.  Dr.  Hales  reckons  them  at  20  in  a  minute. 
A  man  on  whom  Dr.  Menziesmade  experiments,  breathed 
only  14  times  in  a  minute.  Sir.  H.  Davy  informs  us  that 
he  makes  between  36  and  87  in  a  minute.  I  myself  make 
about  19  at  an  average.  The  average  of  all  is  20.  Now 
90  in  a  minute  make  28,800  in  24  hours. 

The  quantity  of  air  drawn  in  and  emitted  at  every  re-  Qutntitj  of 
spiration  must  differ  considerably  with  the  size  of  the  man  ^^  "•P*'**^ 
sAd  the  capacity  of  his  lungs. '  Dr.  Mcnsies  found  that  a 
man  draws  in  at  a  medium  40  cubic  inches  of  air  at  every 
inspiration.  Dr.  Goodmn  has  concluded,  from  his  experi- 
mmts,  that,  after  a  complete  expiration,  the  mean  quantity 
of  air  which  remains  in  the  lungs  amounts  to  109  cubic 
inches ;  and  Menzies  has  endeavoured  to  prove  that,  after 
an  ordinary  expiration,  there  remains  179.  Davy  has  con- 
duded  that  his  lungs,  after  a  fiMrced  expiration,  still  retain 
41  cubic  inches  of  air;  after  a  natural  expiration  they  con- 
tain . . . .  • - 118  cubic  inches. 

After  a  natural  inspiration 135 

After  a  forced  inspiration 254 

By  a  full  forced  inspiration,  after  a  forced  exspiration,  he 

threw  out 190    cubic  inches. 

After  a  natural  inspiratiob 78*5 

After  a  natural  expiration 67*5 

Messrs.  Allen  and  Pepys  have  calculated  that,  in  an 

*  Ann.  de  Chim.  xii.  ^S. 
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Book  V.    air  resj^Ted  differs  materially  at  diffierent  tiiiies»  and  in  ooo* 
^"v  '^  sequence  of  difierent  drcmnalanceCi    Nodiing  thercfixie  be- 
yond an  approximation  can  be  expected  fixxn  our  eiperi« 
ments  on  Uus  foncticm. 

Dr.  Menzies  was  the  fii^  ulio  attempted  to  ascertain  die 
quantity  of  oxygen  consumed  by  a  man  in  a  day.  Aoeord- 
ing  to  him,  36  inches  are  consumed  in  a  mina^  and  of 
course  51,840  inches  in  24  hours.*  This  estimate  exceeds 
that  obtained  by  Lavoisier  and  Davy  firom  their  flKperi« 
ments.  Lavoisier  and  Segnin  estimate  the  quantity  of 
oxygen  consumed  by  a  man  in  24  hours  at  46,037  cdbie 
inches,  and  this  nearly  coincides  with  the  resuh  which 
▼oisier  obtained  from  his  last  experiments,  on  which  he 
occupied  when  he  was  dragged  to  the  place  of  execution. 
With  this  also  the. experiments  of  Davy  ooinckle  very  wdL 
He  calculates  that  31*6  inches  otaxygai  are  oonsamed  in  a 
minute,  which,  in  24  hours,  make  45,504  inches,  f  Thb 
coincidence  would  dispose  us  to  embrace  this  result  as 
affording  a  near  approximation  to  the  truth*  We  may 
conclude^  then,  that  in  a  day  a  man  consumes  latber  moie 
than  25  cubic  feet  of  oxygen.  Now,  since  the  oxygen 
amounts  only  to  about  one*fifth  of  the  almoapbere,  it  fel- 
lows, that  in  a  day,  a  man  destroys,  or  renders  unfit  fixr 
supporting  combustion  and  respiration,  no  less  than  125 
cubic  feet  of  air.  The  result  obtained  by  Messrs.  AUai  and 
Pepys  is  somewhat  less,  or  about  27*5  cubic  inches  per 
minute.  And  they  think  that  in  ordinary  req>iration  the 
proportion/consumed  is  much  smaller. 
Oavbontc  3.  Hie  air  which  is  thrown  out  of  the  lungs  contains  in 
^  ^"^'  it  a  quantity  of  carbonic  acid  which  did  not  exist  in  it  pra* 
vious  to  its  being  used  for  respiration.  Dr.  Meniies  con* 
ceived  that  the  bulk  of  this  gas  is  precisely  equivalent  to 
that  of  the  oxygen  consumed.  This  also  was  the  result  <^ 
the  experiments  of  Dr.  Crawford.  Lavoisier,  in  his  ex- 
periments  on  the  Guinea  pig,  found  it  somewhat  less.  In 
his  first  experiment  he  found  the  oxygen  consumed,  to  the 
carbonic  acid  formed,  as  20  to  16*5 ;  in  his  second,  as  20 
to  17*34     In  bis  experiments  on  Seguin,   in  1789,  the 

•  Bostock  on  Respiration,  p.  81.  +  Davy's  Researches,  p.  4SS. 

t  See  the  details,  Mem.  Par.  1780,  p.  401;  Ann.  de  Chim.  t.  261; 
snd  in  Bos(ock  on  Respiration,  p.  79. 
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oxygen  consumed  was  to  the  bulk  of  carbonic  acid  formed  CEhap.  U. 
nearly  as  SO  to  16*6;  but  in  those  that  were  made  after- 
wards, the  proportion  of  carbonic  acid  is  diminished  by 
nearly  one4ial£  In  Davy's  eiqierimentSi  the  bulk  of  cap- 
bonic  add  formed  corresponded  very  nearly  with  that  of 
the  oxygen  consumed ;  *  bo  that  in  this  respect  they  ami* 
cided  with  those  of  Crawford  and  Menades.  I  was  ii^ormed 
by  Mr.  Dalton,  in  the  summer  of  1806,  that  he  had  sad** 
fied  himself  by  a  variety  of  experiments,  that  the  bulk  of 
carbonic  acid  gas  formed  wad  exactly  equal  to  A$t  of  the 
oxygen  gas  consamed.  On  repeating  the  experiment  with 
that  particular  view,  I  fimnd  that  in  some  cases  this  took 
place  very  nearly;  but  upon  the  whole^  the  bulk  of  oxygen 
which  disi^peared  was  somewhat  greater  than  that  of  the 
carbonic  acid  formed ;  but  the  difference  varied  consider* 
ably,  and  kept  pace  with  the  diminution  of  the  bulk  of  air 
by  respiration*  Hence  I  consider  it  as  owing  to  the  ab« 
straction  of  a  part  of  the  air  by  some  other  way  than  re-» 
qsiration.  If  this  abstraction  be  allowed  for,  I  have'  no 
doubt,  from  my  own  experiments,  that  the  bulk  of  the 
carbonic  acid  formed  by  respiration  is  precisely  equal  to 
that  of  the  oxygen  which  has  disappear^.  The  absolute 
quantity  it  is  difficult  to  states  as  it  depends  upon  a  variety 
of  circumstances.  I  am  disposed  to  consider  it,  at  an 
average,  as  approaching  to  40,000  cubic  inches  in  24  houn^ 
though  probably  somewhat  under  that  quantity.  Now, 
this  quantity  of  carbonic  acid  contains  little  less  than  three 
quarters  of  a  pound  avoirdupois  of  carbon.  Messrs.  Allen 
and  Pepys  found  the  carbonic  acid  formed  exactly  equal  in 
bulk  to  the  oxygen  which  had  disappeared.  It  amounted 
in  their  experiments  to  about  S?-)-  cubic  inches  per  minute^ 
or  89,584  cubic  inches  in  S4  hours,  a  quantity  which  con- 
tains about!  11  ounces  troy  of  solid  carbon.  Air  thrown 
out  of  the  lungs  contained  in  their  experiments  about  8  per 
cent,  of  carbonic  acid  gas.  In  Berthollet's  experiments^ 
the  carbonic  acid  gas  formed  varied  from  5*5S  to  18*82  per 
cent.  But  the  animal  was  confined  for  several  hours  in 
the  same  air.  f 

4.  Dr.  Priestley  concluded  from  his  experiments,  thatAsoie. 
not  only  the  oxygen,  but  the  'azote  also,  of  the  air  respired 

*  Davjr't  lletearchesy  p.  431.  f  Mem.d'Arctteil,ii.461. 
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Book  V.  was  diminished.*  This  opinion  was  sdll  farther  confinned 
^^""V"*^  by  Davy,  who  foond  the  consumption  of  azote  to  aroount 
to  about  -fth  of  that  of  the  oxygen.f  Dr.  Henderson  has 
made  experiments  with  the  same  result,  though  the  pro- 
portion dT  azote  absorbed  was  rather  less.  %  Upon  repeat* 
log  these  experiments,  I  found  likewise  a  loss  of  azote;  but 
it  was  extremdy  inconstant,  sometimes  bang  scarcely  per- 
eeptU)le,  and  at  other  times  considerable.  It  kept  pace 
with  the  diminution  of  the  bulk  c£  the  air  respired,  and 
with  the  difference  between  *  the  bulk  <^  the  oxygen  con- 
sumed and  the  carbonic  add  formed.  Hence  I  am  dis- 
posed to  ascribe  all  these  differences  to  the  same  cause.  I 
conceive  that  a  portion  of  the  air  resjured  disappears  with- 
out undergoing  any  change^  and  that  this  portion  occasions 
the  diminution  of  the  azote,  and  the  diflference  between  the 
bulk  of  the  carbonic  acid  formed  and  the  oxygen  con- 
sumed. "What  comes  of  this  portion  of  air  it  is  difficult  to 
say;  but  I  think  it  concdvable  that  the  disappearing  of 
siich  a  portion  may  be  confined  to  the  unnatural  circum- 
stances occasioned  by  the  ei^riment;  that  tlie  dMculty  of 
throwing  out  the  air  firom  the  lungs  in  these  circumstances 
may  be  such  as  to  induce'  absorbents  to  act,  and  remove  a 
portion  whidb,  in  the  ordinary  aitnation  of  the  lungs, 
would  have  been  thrown  out  by  expiration.  Messrs.  Allen 
and  Pepys,  in  all  their  experiments,  found  no  change  in 
the  azote,  and  no  absorption  of  it  whatever.  Hence  it  is 
probable  that  the  diminution  formerly  observed  may  Iiave 
been  owing  to  errors  in  the  experiments.  Berthdlet  found 
the  proportion  of  azote  to  increase  a  little  instead  of  dimi- 
nishing, which  he  ascribes  to  the  increased  bulk  of  the  sir 
from  moisture  and  heat 
Carbonic  5.  Dr.  Prout  has  shown  by  a  number  of  wdl-^condacted 
^difR^^  experiments  on  himself,  that  the  proportion  of  carbonic 
periods  of  acid  formed  at  each  inspiration  is  different  at  different 
^^^Y'  periods  of  the  day.  It  is  at  its  maximum  nearly  about 
noon,  and  is  at  its  minimum  about  midnight.  It  appears 
farther  from  his  trials  that  the  quantity  of  carbonic  acid 
gas  in  expired  air  begins  to  increase  nearly  at  twili^t 
The  following  table  exhibits  the  proportion  per  cent,  of 

•  Priestley,  ii.  380.  f  Davy's  Researches,  p.  433. 

t  NicliuUon'i  Jour.  viii«  44« 
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arbonic  acid  in  the  air  expired  from  his  lungaduriof^  every  Chip.  iii. 
lour  of  the  day.    The  exprnments  from  vdbich  it  waa^de- 
luced  were  made  in  Augtwt.* 
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Dr.  Prout  fomid  that  alcohol  and  all  fermented  liquofi 
liminished  the  proportion  of  carbonic  acid  formed  by  re* 
Ipiration,  and  this  was  confirmed  by  the  experiments  of 
Dr.  A.  Fyfe.  They  found  likewise  that  when  the  constitu* 
ion  is  afi^ctcd  by  mercury,  the  proportion  of  carbonic  acid 
ptM  in  the  air  expired  is  diminished.  Dr.  Fyfe  found  that 
ike  quantity  was  likewise  diminished  by  a  course  of  nitric 
idd,  and  by  a  yegetable  diet^t 

•  6.  It  is  not  so  easy  to  determine  the  proportion  of  water  Water 
smitted  ftom  the  lungs  mixed  with  the  air  expired^  as  it  is  ^^^^^^' 
lUit  of  the  carbonic  ackl.  According  to  the  experiments 
rf  Dr.  Hales^  it  amounts  in  a-  day  to  20*4  oz. ;  %  but  hia 
method  was  not  susceptible  of  gte§t  accuracy.  Mr.  La^- 
pbisier,  on  the  other  hand^  estimates  it  rather  hi^er;  but 
tbe  proportion  seems  rather  to  have  been  the  result  of  cal- 
ndation  than  of  any  direct  measurement.  The  result  of 
s'ftw  trials  which  I  made  during  the  summer  of  1808, 
pnre  me  very  nearly  19  onnces  per  day  as  the  quantity 
from  my  own  lungs ;  but  I  do  not  lay  much  stress 


-  t  Aanslf  of  Philoflophjr,  ii.  3S8;  and  iv.  331.  f  Ibid.  iv.  334. 

Q 


0S9  FUNCTIOKS  OP  AKIHALS. 

Book  V.  upon  die'mult^  as  tbej  were  not  gii£Bcieiitly  varied  to  fpn 
^  "  V  "  '  a  fiur  aveorage;  'but  I  think  it  worth  while  lo  mention  the 
method  I  followed,  on  account  of  its  simplici^.  I  filled  a 
a  glass  with  water,  and  then  by  breathing  on  it^  and  gra- 
dually raising  its  temperature  till  the  vapour  of  the  bieatb 
just  ceased  to  be  condensed,  I  ascertained  the  force  of  the 
vapour  contained  in  the  air  respired  from  Mr.  Dalton's 
table.  Then,  ascertaining  the  force  of  vapour  in  the  at- 
moq>here  at  the  time^  and  subtracting  it  from  the  force  of 
tiie  vapour  in  the  breath,  Fobtuned  the  force  of  the  vapour 
actually  emitted  from  the  lungs.  Suj^xisii:^  40  inches  of 
air  to  be  drawn  in  at  each  inspiration,  it  was  easy  to  cat* 
culate^  from  Dalton's  tabl^  the  weight  of  the  vapour 
which  it  contained  wh^n  emitted. 

7.  In  ordinary  cases  of  respiration,  the  oxygen,  which 
disappears,  is  just  balanced  by  the  carbonic  add  formed, 
so  that  the  bulk  of  the  air  continues  unaltered :  but  it  ap- 
pears from  the  experiments  of  Messrs.  Allen  and  Pq>y% 
that  when  the  same  quantity  of  air  is  breathed  backwaids 
and  forwards  as  long  as  possible^  a  greater  quantity  of  ax,^ 
ygen  disappears  than  can  be  accounted  for  by  the  carbonic 
acid  formed.  This  oxygen  is  absoibed  by  the  system.  It 
diminishes  the  bulk  of  tiie  air  respired,  and  amounts  to 
about  -rVtii  of  the  whole  air  respired  at  an  average. 
Rcspicitioa  3^  When  oxygen  gas,  nearly  pure^  is  breathed,  rather  s 
^M.  greater  quantity  of  carbonic  acid  is  given  out;  for  the  air 

expired  contains,  at  an  average,  above  texi  per  cent,  of  that 
gas.  It  appears  also  from  the  experiments  of  Messrs. 
Allen  and  Pepys,  that  a  portion  of  the  oxygen  gas  disap- 
pears^ and  then  an  equal  bulk  of  azotic  gas  is  found  in  its 
place.  This  substitution  ^f  azote  is  greatest  at  tbecoixi«- 
mencement  of  the  experiment,  and  diminishes  as  the  res- 
piration  continues.  It  is  di£Scult  at  present  to  account  for 
this  substitution.  Thb  quanti^  observed,  amounting  at  an 
average  to  nearly  80  cubic  inches,  is  too  great  to  be  as- 
cribed to  an  error  in  the  experiment  .  It  can  only  be  fully 
accounted  for  when  we  become  acquainted- with  the  compo- 
sition of  azote,  which  is  still  unknown. 
Of  a  mU-  9,  When  an  animal  is  made  to  breath  a  mixture  of  79 
fen  and  by-  hydrogen  gas  and  21  oxygen  gas,  the. respiration  goes  xai 
^ngta.      without  any  inconvenience ;  carbonic  acid  gat  is  formed  ss 
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6siial,  and  at  the  same  time  a  portion  of  the  oxygen  dis-  Chap.  IIL 
appears,  and  azote  is  found  in  its  place.     This  mixture  has  ^"^V"^ 
a  aedative  efiect,  and  makes  the  animal  sleepy.    It  appears 
probable,  from  the  observations  of  Messrs.  Allen  and  Pepys, 
that  during  sleep  the  quanti^  of  carbonic  acid  formed  is 
less  than  when  the  aniiniEil  is  awake. 

10.  A  great  number  of  experiments  have  lately  been  RespintUm 
made  on  die  respiration  of  fishes  by  Provenfal  and  Hum- 
boldt*  It  is  wcU  known  that  these  animals  require  oxygen 
gas  as  well  as  other  animals,  and  that  if  the  water  in  which 
they  are  be  deprived  of  the  whole  of  its  air,  they  die  very 
speedily.  Proven9al  and  Humboldt  employed  for  their  ex- 
periments the  water  of  the  Seine.  They  separated  the  air 
from  a  quantity  of  it  by  boiling,  and  subjected  it  to  a  che* 
mical  analysis.  Into  another  quantity  of  the  same  water 
tenches  were  put  and  ccmfined  for  several  hours  till  they 
began  to  snfi^ ;  they  Were  then  withdrawn,  and  the  air  se- 
parated from  the  watfer  in  whichi  they,  had  lived,  and  sub* 
jected  to  chemical  analysis.  In  every  case  a  portion, 
both  of  oxygen  and  azote  had  disappeared,  and  a  quantitjr 
of  carbonic  acid  had  been  formed.  The  following  table  ex- 
bibits  the  results  of  a  variety  of  their  experiments. 


•  Mtm.  d'Arcuei),  ii.  950. 
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95'H 
S37 

39-9 

46-5 

80-1 
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^MP' 
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Aiote 
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8f0 

4040 
44-0 

«4e-s 
iio-e 
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3 
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Z     [     =     Uv.„     ^ch., 
87          80     jdnHniftboiin. 
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""yf^n 

Aiole 
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W4-0 
1338 
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4S30 
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289-5 
153-0 

710 

145-4 

57-6 
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40 

— 
ill 

doriag  t  buur.. 

Tolal 

OiM« 

Aiole 

Ckrboaic  uid 

483-0 
I4S'7 
SiOO 
19-3 

34^-5 

■i-8 

S94-I 

47 -S 

137-5 

IS9'5 
»-9 

»T-9 

19 

90 

On*  i^nel"  doi- 
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Aiow 
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SS(H) 
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4080 
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S4fl 

40-7 

i 

iThrrt    tfuchn 

ao   i*""""- 

Total 
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4a3'0 
H3-T 
3200. 

394-6 

4II-0 

IISO 

84-4 

103-7 

73-1 

9*7 

71 

—  iThrre     tpnclin 

—  duriDE  b  luon. 

T.«l 
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A»«le 

CvtMuk  acid 

4S3-0 
(M-T 
3S0-0 
19-3 

37 -M 
SW-B 
HI -8 

IIO-S 

_ 

toa-e 

87-1 

68-5 

«3 

59 

dor.ns  - 
tioiin.* 

11)c  quantity  of  gng  obtained  from  the  Seine  n-ater,  was 
at  an  ftverege  0*0275  of  its  bulk,  or  nol  quite  -^  part;  tlie 
average  quantity  of  oxygen  which  this  giu  contained  ^vus 
0*3 10. 

From  these  experiments  it  appears,  that  tlie  rospiratiou 
of  fishes  di(&rs  very  much  from  that  of  otlicr  atiiuioJs. 
Tlie  oxygen  is  not  merely  converted  into  carbonic  acid,  as 
happens  during  the  respiration  of  men  and  the  larger  uui- 


■  The  number*  in  this  table  indkuc  cubic  centimetres,    A  calucct 
tiiiMtre  i*  equal  to  ODCIO  of  a  cubic  inch. 
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mals;  but  a  portion  of  it  is  absorbed  and  introduced  into  Chap.  in. 
the  system.  A  portion  also  of  azote  is  absorbed.  Tlie 
quantity  of  air  consumed  by  fishes  is  extremely  small,  when 
compared  with  that  consumed  by  terrestrial  animals.  This 
will  appear  fironl  the  following  table,  in  which  the  bulk  of 
the  air  consumed,  and  of  the  carbonic  acid  formed  in  an 
liour,  is  stated  in  cubic  inches. 


Time. 

Oxygen  in 
the  air  after 
the  experi- 
ments. 

Number  of 
fish. 

Hours  the 

experiment 

lasted. 

Absorption  in  1  hour 
in  cubic  incbn. 

>onic 
produ- 
in  cubic 
es. 

Oxygen. 

Azote. 

Cart 
acid 
ced, 
inch 

28  Feb. 

0-056 

3 

5i 

0-0245 

• 

0-0106 

0-0140 

8  March 

0-151 

7 

6 

0-0221 

0-0192 

0-0177 

7  March 

0034 

7 

.    8+ 

~ 

— 

0-0185 

11  March 

0-017 

1 

17 

0-0679 

0-0126 

0-0136 

28  Feb. 

0178 

S 
3 

0-0298 

0-0123 

0-0150 

24  Feb. 

0-141 

5 

0-0575 

00405 

00512 

20  Feb. 

0-130 

2 

7 

00635 

0-0397 

0-0370 

From  this  table,  compared  with  the  &cts  stated  in  the 
preceding  part  of  this  section,  it  follows,  that  in  a  given 
time  a  man  consumes  50,000  times  as  much  oxygen  gas  as 
a  tench.  Yet  the  presence  of  this  principle  is  equally  ne- 
cessary for  the  existence  of  both. 

II.  Let  us  now  endeavour  to  ascertain  the  changes  pro-  Cbtngci 
duced  on   tlie  blood  by  respiration.    The  whole  of  the^^*^ 
blood  is  propelled  from  the  heart  to  the  lungs,  circulates  blood, 
through  the  vessdls  of  tliat  organ ;  and  during  that  circu- 
lation it  is  exposed  to  the  influence  of  the  air  which  the 
animal  is  constantly  drawing  into  the  lungs.     Now,  certain 
changes  are  produced  upon  it  by  this  action,  which  have 
been  partly  traced  by  the  experiments  of  Priesdey,  Cigna^ 
Fourcroy,  Hassenfratz,  Beddoes,  Watt,  and  above  all  by 
those  of  Davy.    These  changes,  as  &r  as  we  are  acquainted 
with  them,  are  the  following:  1.  It  acquires  a  florid  red 
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Book  V.  colour,  and  the  chyle  disappears ;  2.  It  loses  a  portion'of 

^^•■■v^  carbon ;  S.  It  emits  water. 

1.  It  has  been  long  known  that  the  Uood  which  flows 
in  the  veins  is  of  a  dark  reddish  purple  colour,  whereas  the 
arterial  blood  is  of  a  florid  scarlet  colour.  Lower  obsemd 
that  the  colour  of  the  yenous  blood  was  converted  into  that 
of  arterial  during  its  passage  through  the  lungs.  No  chjle 
can  be  distinguished  by  its  white  colour  in  the  blood  after 
it  has  passed  through  the  lungs.  The  changes,  then,  which 
take  place  upon  the  appearance  of  the  blood  are  two:  1.  It 
acquires  a  florid  red  colour:  2.  The  chyle  totally  disap- 
pears. Lower  himself  knew  that  the  change  was  produced 
by  the  air,  and  Mayo  attempted  to  prove  that  it  was  by  al>- 
sorbing  a  part  of  the  air.  But  it  was  not  till  Dr.  Priestley 
discovered  that  venous  blood  acquires  a  scarlet  ookMir  when 
put  in  contact  with  oxygen  gas,  and  arterial  blood  a  dark 
red  colour  when  put  in  ccmtact  with  hydrogen  gas;  or» 
which  is  the  same  thing,  that  oxygen  gas  instantly  gives 
venous  blood  the  colour  of  arterial ;  and  hydrogen,  on  the 
contrary,  gives  arterial  blood  the  colour  of  venous  biood — 
it  was  not  till  then  that  philosophers  b^gan  to  attempt  any 
thing  like  an  explanation  of  the  phenomeaa  of  respiratioii. 

Action  of        The  blood  is  a  fluid  of  so  complex  a  nature  that  it  is  not 

^1^^     easy  to  ascertain  the  changes  produced  in  it  by  exposure  to 

blood.  diflbrent  gases  out  of  the  body ;  and  even  if  that  could  be 
done,  we  have  no  method  of  proving  that  the  ^ects  of 
these  gaseous  bodies  upon  the  coagulated  blood  are  the 
same  as  they  would  be  on  the  blood  in  its  natural  states  cir- 
culating in  the  vessels  of  a  living  animal.  The  fiicts  which 
have  been  ascertained  are  the  following: 

1  Oxygen,  jst.  It  appears  from  the  experiments  of  Priestley,  Girtm- 
ner,  and  Hassenfratz,  that  when  venous  blood  is  e^XMed 
to  oxygen  gas  confined  over  it,  the  blood  instantly  iiy«wtfft 
a  scarlet  colour.  Davy  could  not  perceive  any  sensible  ^ 
minution  of  the  bulk  of  the  gas. 

9.  Air,  2d.  The  same  change  of  colour  takes  place  when  blood 

is  exposed  to  common  air.  In  this  case  a  qnanti^  of  car- 
bonic acid  gas  is  formed,  and  a  quanti^  of  oag^gen  gas, 
exactly  equal  to  it  in  bnlk,  disappears;  making  allowance 
for  the  small  quantity  of  carbonic  acid,  which  we  may  sup- 
pose to  be  absorded  by  the  blood  itsel£ 

a.  Aaote.        Sd.  Venous  blood  exposed  to  the  action  of  azotic  gas 
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4Sontinnet  unaltered  in  colonr;  neither  does  any  perceptible  Chap,  iil 
diminution  of  the  gas  ensue.  ^"v^*^ 

4th.  Venous  blood  exposed  to  the  action  of  nitrous  gas  4.  Nimmr^ 
becomes  of  a  deep  purple,  and  about  -^th  of  the  gas  is  ab^ 
aorbed. 

5th.  Venous  blood  exposed  to  nitrous  oxide  becomes  of  5.  Nitrous 
a  brighter  purple,  especially  on  the  surface,  and  a  consi-  ^^"^ 
derable  portion  of  the  gas  is  absorbed. 

6th.  Venous  blood  exposed  to  carbonic  acid  gas  becomes  6.  Caibonic 
of  a  brownish-red  colour,  much  darker  than  usual,  and  the  '^'^> 
gas  is  slightly  diminished  in  bulk. 

7th.  Carbureted  hydrogen  gas  gives  venous  blood  a  fine  7*  Carba- 
led  colour,  a  shade  darker  than  oxygen  gas  does,  as  was  JJ^^J' 
first  observed  by  Dr.  Beddoes,  and  at  the  same  time  a  small 
portion  of  the  gas  is  absoAed.     This  gas  has  the  property 
of  preventing,  or  at  least  greatly  retarding,  the  putrifiurtion 
of  blood,  as  was  first  observed  tr^  Mr.  Watt* 

8th.  When  arterial  blood  is  put  in  contact  with  azotic  Arterial 
gas,  or  carbonic  acid  gas,  it  gradually  assumes  the  dark  en^by^' 
colour  of  venous  blood,  as  Dr.  Priestley  found,  t    The  zotic  and 
same  philosopher  also  observed,  that  arterial  blood  acquired  ^^^. 
the  colour  of  venous  blood  when  placed  in  vacuo.  %    Con- 
sequaitly  this  alteration  of  colour  is  owing  to  some  change 
which  takes  place  in  the  blood  itself,  independent  of  any 
external  agent. 

The  arterial  blood  becomes  much  more  rapidly  and 
deeply  dark  coloured  when  it  is  left  in  contact  with  hydro- 
gen gas  placed  above  it.  §  We  must  suppose  therefore  that 
the  presence  of  this  gas  accelerates  and  increases  die  change, 
which  would  have  taken  place  upon  the  blood  without  any 
external  agent. 

9th.  If  arterial  blood  be  left  in  contact  with  oxygen  gas,  Uy  itstj 
it  gradually  assumes  the  same  daric  colour  which  it  would 
have  acquired  m  vacuoj  or  in  contact  with  hydrogen;  and 
after  this  change  oxygen  can  no  longer  restore  its  scarlet 
ooloar.l  Therefore  it  is  cmly  upon  a  part  of  the  blood 
that  the  oxygen  acts ;  and  after  this  part  has  undergone  the 
change  whidi  occasions  the  dark  colour,  the  blood  loses 
the  power  of  being  affected  by  oxygen. 

•  Dar/a  Researches,  p.  380.  f  Priestley,  iii.  363. 

t  Priestley^  iii.  363^  and  Ann.  de  Cbim.  ix.  269. 
f  Foarcroyyibid.  vii.  149.  ||  Ibid.  ii.  968. 
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Book  V.        lOtlu  Mr.  Hasaenfiratz  poured  into  venous  Uood  a  qnan> 
^"'^^'y^^  tity  of  chlorine ;  the  blood  was  instantly  decompoficdy  and 
cbionne.    assumed  a  deep  and  almost  black  ccdour.  Whoi  be  poured 
common   muriadc   acid  into  blood,  the  coloor  was  not 
altered.* 
Theoryof      2*  Dr.  Priestley,  the  first  of  the  modem  chemists  who 
P**^*^*    turned  his  attrition  to  respiration,  ocmduded  firom  some  of 
his  earliest  experiments,  that  the  Uood,  as  it  passed  through 
the  lungs,  gpive  out  phlogiston  to  the  air,  which  was  ex- 
pired loaded  with  that  substance ;  and  of  course  that  the 
purpose  of  respiration  was  to  free  the  blood  of  phlogiston. 
Lavoisier  soon  after  ascertained  with  more  preduon  the 
changes  which  the  air  undergoes  during  respiration ;  and  he 
formed  a  theory  in  order  to  explain  that  function,  assuming 
as  its  basis  that  all  the  changes^in  the  air  inspired  are  pro- 
duced in  the  lungs;   and  of  course^  that  all  the  new  sub- 
Modified    stances  expired  are  formed  in  the  lungs.    According  to 
twr!^^^*    him,  the  blood  absorbs  no  air  in  the  lungs;  but  it  gives 
out  hydrogen  and  carbon,    which,   combuung  with  the 
oxygen  of  the  air  iiupired,  form  water  and  carbonic  add. 
This   theory  was  adopted  by  Laplace^  Crawford^  Gren, 
and  Girtanner,  with  a  small  variation.    Indeed  it  does  not 
differ,  except  in  detail,  from  the  original  hypothesis  of  Dr. 
Priestley,  that  the  use  of  respiration  is  to  rid  the  blood  of 
phlogiston ;  for  if  we  substitute  carbon  and  hydrogen  for 
phlogiston,  the  two  theories  precisely  agree.    Mr.  Lavoisier 
attempted  not  to  prove  its  truth ;  he  only  tried  to  show 
that  the  oi^gen  absorbed  corresponds  exactly  with  the 
quantity  of  oxygen  contained  in  the  carbonic  add  and  the 
water  emitted. 
Theory  of       A  different  theory  was  afterwards  proposed  by  Mr.  De 
u  Grange,  j^  Grange.     According  to  this  philosopher,   the  oxygen 
gas,  which  disappears^  combines  with  the  blood  as  it  passes 
tiirough  the  lungs ;  and  at  the  instant  of  thia  combination 
there  is  set  free  from  the  blood  a  quantity  of  carbonic  add 
gas  and  of  water,  which  are  thrown  out  along  with  the  air 
expired.    This  theory  was  adopted  and  illustrated  by  Mr. 
Hassenfratz.     But  as  the  carbonic  acid  formed  isexacdy 
equal  to  the  bulk  of  the  oxygen  which  disappears,  this 
oxygen  must  be  changed  into  carbonic  acid  in  the  lungs; 

*  Fourcroy,  ix.  S68. 
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for  oxy^n,  when  changed  into  carbonic  acid,  does  not  Chap.  III. 
sensibly  alter  its  bulk.  The  blood,  then,  must  emit  carbon  ^**v^ 
in  the  lungs  to  the  extent  of  about  fths  of  a  pound  in  the 
day/  This,  I  conceive,  is  all  that  happens  in  the  lungs. 
The  watery  vapour,  indeed,  is  doubtless  secreted  from  the 
blood  to  mix  with  the  air  inspired;  but  probably  the  secre- 
tion  takes  place  in  appropriate  organs.  By  the  loss  of 
carbon  the  venous  blood  is  changed  into  arterial.  The 
very  same  thing  happens  when  venous  blood  is  presented  to 
the  air. 

The  change  of  the  chyle  into  blood,  I  presume,  takes  Chyle  con- 
place  in  the  blood-vessela.  Indeed  the  blood  is  a  liquid  JJ^  ^"^ 
which  is  constantly  running  through  a  suite  of  changes. 
Hence  it  is  kept  of  a  similar  nature  only  by  the  constant 
influx  of  new  matter,  which  is  as  constantly  manuiactured 
into  blood.  It  appears,  from  the  most  accurate  obscrva- 
tions  hitherto  made^  that  neither  chyle  nor  lymph  contain 
fibrin,  which  forms  a  very  conspicuous  part  of  the  blood. 
This  fibrin  is  employed  to  supply  the  waste  of  the  muscles; 
the  most  active  parts  of  the  bodyy  and  therefore  in  all  pro- 
bability, requiring  the  most  frequent  supply.  Nor  can  it 
be  doubted  that  it  is  employed  for  other  useful  purposes. 
The  quantity  of  fibrin  in  the  blood,  then,  must  be  con- 
stantly diminishing,  and  therefore  new  fibrin  must  be  con- 
stantly formed.  But  the  only  substances  out  of  which  it 
can  be  formed  are  the  chyle  and  lymph,  neither  of  which 
contain  it.  There  must  therefore  be  a  continual  decompo- 
sition of  the  chyle  and  lymph  going  on  in  the  blood-vessels, 
and  a  continual  new  formatiim  of  fibrin.  Other  substances 
also  may  be  formed ;  but  we  are  certain  that  this  must  be 
formed  there,  because  it  does  not  exist  previously.  Now, 
one  great  end  of  respiration  most  undoubtedly  be  to  assist 
tfiis  decomposition  of  chyle  and  complete  formation  of 
blood. 

In  what  manner  the  chyle^  or  a  part  of  it,  is  converted 
into  fibrin,  it  is  impossible  to  say :  we  are  not  sufiiciently 
acquainted  with  the  subject  to  be  able  to  explain  the  pro- 
cess. But  we  can  see,  at  least,  that  carbon  must  be  ab- 
stracted from  that  part  of  the  «diyle  which  is  to  be  con- 
verted into  fibrin.  Hence^  as  the  process  of  blood-making 
advances,  there  must  be  a  greater  and  greater  redundancy 
of  carbon  in  the  liquid.    Unless  this  redundancy  were  re- 
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Book  V.  moved,  the  process  could  not  go  on^  and  probably  the 
^""V"~^  whole  would  run  into  putrifiEU^tion.  We  may  conclude^ 
then,  that  one  great  use  of  respiratkm  is  to  abstract  this 
carbon,  by  forming  with  it  carbonic  acid  How  thb  is 
performed,  indeed,  it  is  impossible  at  present  to  explain ; 
biit  the  fisict  is  undoubted. 

^li*^  But  the  abstraction  of  carbon  is  not  the  only  advantage 

gained  by  respiration :  the  temperature  of  all  animals  de- 
pends upon  it  It  has  been  long  known,  that  those  animals 
which  do  not  breathe  have  a  temperature  but  very  iiuld  • 
superior  to  the  medium  in  which  Uiey  live.  This  is  the 
case  with  fishes  and  many  insect^  Man,  on  the  contrary, 
and  quadrupeds,  which  breathe^  have  a  temperature  con* 
siderably  higher  than  the  atmosphere :  that  cf  man  is  98^. 
Birds,  which  breathe  in  pr(qK>rtion  a  still  greater  quantity 
of  air  than  man,  have  a  temperature  equal  to  lOS^  or  lOi^. 
It  has  been  proved,  that  the  temperature  ci  all  animals  is 
proportional  to  the  quantity  of  air  which  they  breathe  in  a 
given  time. 

These  facts  seem  sufficient  to  demonstrate  that  the  heat 
of  animab  depends  upon  respiration*  But  it  was  not  till 
Dr.  Black's  doctrine  of  latent  heat  became  known  to  the 
world,  that  any  explanation  of  the  cause  of  the  temperature 
of  breathing  animals  was  attempted.  That  illustrious 
philosopher,  whose  discoveries  form  the  basis  upon  which 
all  the  scientific  part  of  chemistry  has  been  i^ared,  saw  at 
once  the  light  which  his  doctrine  of  latent  heat  threw  upon 
this  part  of  physiology,  and  he  applied  it  very  early  to  ex- 
plain the  temperature  of  animals. 

Dr.  Hlack's      According  to  him,  port  of  the  latent  heat  of  the  air  in* 

^toiy.  spired  becomes  sensible;  and  of  course  the  temperature <tf 
tlic  lungs,  and  the  blood  that  passes  through  theoi,  must 
be  raised ;  and  the  blood,  thus  heated,  communicates  its 
heat  to  the  whole  body.  Tliis  opinion  was  ingenious,  but 
it  was  liable  to  an  unanswerable  objection :  for  if  it  were 
true,  the  temperature  of  the  body  ought  to  be  greatest  in 
the  lungs,  and  to  diminish  gradually  as  the  distance  from 
the  lungs  increases;  which  is  not  true.  The  theory,  in 
consequence,  was  abandoned  even  by  Dr.  Black  liimself ; 
at  least  he  made  no  attempt  to  support  it 

Crawford^  Dr.  Crawford,  who  considered  all  the  changes  operated 
by  respiration  as  taking  place  in  the  lungsi  accounted  fo^ 
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the  origin  of  the  animal  heat  ahnost  precisdiy  in  the  same  way  Chap.  ill. 
with  Dr.  Black.  According  to  him,  the  oxygen  gas  of  the  ^  v  "^ 
air  combines  in  the  Imigs  with  the  carbon  emitted  by  the 
blood.  During  this  combinationi  the  oxygen  gives  •ut  a 
great  quantity  of  caloric,  with  which  it  had  been  combined; 
and  this  caloric  is  not  only  sufficient  to  support  the  tempe- 
rature of  the  body,  but  also  to  cariy  off  the  new*formed 
water  in  the  state  of  vapour^  and  to  raise  considerably  the 
temperature  of  the  air  inspired.  According  to  this  philo* 
sopher,  then,  the  whole  of  the  caloric  which  supports  the 
temperature  of  the  body  is  evolved  in  the  lungs.  His 
theory  accordingly  was  liable  to  the  same  objection  with  Dr. 
Black's;  but  Dr.  Crawford  obviated  it  in  the  following 
manner:  He  found  that  the  specific  caloric  of  arterial 
blood  was  1*08009  while  that  of  venous  blood  was  only 
0^28.  Hence  he  concluded,  that  the  instant  venous 
blood  is  changed  into  arterial  blood,  its  specific  caloric  in* 
creases ;  consequently  it  requires  an  additional  quantity  of 
caloric  to  keep  its  temperature  as  high  as  it  had  been  while 
venous  blood.  This  addition  is  so  great,  that  the  whole 
new  caloric  evolved  is  employed :  therefore  the  temperature 
ci  the  lungs  must  necessarily  remain  the  same  as  that  of 
the  rest  of  the  body.  During  the  circulation,  arterial  blood 
is  gradually  converted  into  venous ;  consequently  its  specific 
calpric  diminishes,  and  it  must  give  out  heat.  This  is  the 
reason  that  the  temperature  of  the  extreme  parts  of  the 
body  does  not  diminish. 

But  this  theory,  ingenious  and  plausible  as  it  is,  has  not  Insuffi- 
been  able  to  stand  the  test  of  subsequent  investigations.  ^'^"^' 
Dr.  John  Davy  has  shown  that  the  difference  between  the 
specific  caloric  of  arterial  and  venous  blood  is  much  smaller 
&an  Dr.  Crawford  had  estimated  it.    According  to  Dr. 
Davy,  the  specific  caloric  of  these  liquids  is  as  follows : 

Arterial  blood ... .  0*913 
Venous  blood  ....  0*903 

Delaroche  and  Berard  have  shown  that  the  specific 
caloric  of  oxygen  gas  and  carbonic  acid  gas  differs  much  less 
than  Crawford  had  supposed.  According  to  these  philo- 
iopliersy  the  iq)ecific  heats  of  these  gases  are  as  follows: 

Oxygen  gas   0*8848 

Carlxmic  acid  gas -.  0*8280 

5 


SM  VUNCnONS  ov  animais. 

Book  V.  Now  sach  minute  diflBsrenoes  would  hardly  admit  the  ap* 
plication  of  Dr.  Crawford's  explanation.  But  die  most 
femiidable  objections  result  from  the  experiments  of  Mr. 
Brodie.  He  found  that  when  artificial  req^iration  is  kept 
up  in  the  lungs  of  animals  after  decapitatioo,  the  usual  pro- 
portion of  carbonic  add  gas  is  formed,  and  the  circulatioii 
continues  nearly  as  usual.  Yet  in  these  animals  the  heal 
diminishes  more  rapidly  dian  in  a  dead  animal,  m  which 
artificial  respiration  is  not  kept  up.*  From  these  cxperi- 
m&ktM  Mr.  Brodie  concludes  that  the  productioa  of  animal 
heat  is  owing  to  the  action  of  the  brain,  and  not  to  respira- 
tion. 

I  think  it  must  be  admitted  that  these  experiments  ha^e 
entirely  destroyed  the  foundations  on  whidi  Dr.  Crawford's 
theory  was  built  But  I  am  disposed  to  think  that  Mr. 
Brodie  has  gone  rather  too  for  in  his  consequences  when  he 
conceives  that  respiration  has  no  connecticm  whatever  with 
the  production  of  animal  heat  The  fiict  that  all  animab 
which  req)ire  regularly  are  hot-blooded,  while  amphibioiis 
animals  and  fishes  are  cold-blooded^  seems  to  me  to  esta* 
blish  a  connection  between  respiratioo  and  heat.  Though 
we  are  unable  to  explain  in  what  way  the  heat  is  evolved. 


SECT.  III. 

OF  THE   ACTION  OF  THE   KinNEYS. 

Thus  we  have  reiison  to  suppose  that  chyle  and  lymph 
are  converted  into  blood  during  the  circulation :  but  besides 
the  lungs  and  arteries,  there  is  another  organ,  the  sole  use 
of  which  is  also  to  produce  some  change  or  other  in  the 
blood,  which  renders  it  more  complete,  and  more  proper 
for  the  various  purposes  to  which  it  is  applied.    This  organ 

is  the  KIDNEY. 

A  very  great  proportion  of  blood  passes  through  the 
kidneys;  indeed  we  have  every  reason  to  conclude  that  the 
whole  of  the  blood  passes  through  them  very  frequently* 

*  Phil  Tnwt.  181S,  p.  378* 
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These  organs  separate  the  urine  firom  the  bloodi  to  be  after-  Cbap.  ill. 
wards  evacoated  without  being  applied  to  any  purpose  use-  ^  v  "^ 
fill  to  the  animaL 

The  kidneys  are  absolutely  necessary  for  the  continuance  Action  of 
of  the  life  of  the  anfanal ;  for  it  dies  very  q)€cdily  when  they  *^J^^ 
become  by  disease  unfit  to  perform  their  functions :  there- 
fore the  change  which  they  produce  in  tfaeblood  is  a  change 
necessary  for  qualifying  it  to  answer  the  purposes  for  which 
it  is  intended. 

As  the  urine  is  immediately  excreted,  it  is  evident  that 
the  change  which  the  kidnejrs  perform  is  intended  solely  for 
the  sake~of  the  blood.  It  is  not  merely  the  abstraction  of 
a  quantity  of  water  and  of  salts,  accumulated  in  the  blood, 
which  the  kidney  performs.  A  chemical  change  is  certainly 
produced,  either  upon  the  whole  blood,  or  at  least  on  some 
important  part  of  it ;  for  there  are  two  substances  found  in  the 
urine  whidi  do  not  exist  in  the  blood.  These  two  sub-  it  chmgei 
stances  are  urea  and  uric  add.  They  are  formed,  therefore,  ^^^  nature 
Sn  the  kidneys ;  and  as  they  are  thrown  out,  after  being  y^xqJI, 
formed,  without  being  affiled  to  any  usefiil  purpose,  they 
are  certainly  not  formed  in  the  kidneys  for  their  own  sake. 
Some  part  of  the  blood,  then,  must  be  decomposed  in  the 
kidney,  and  a  new  substance,  or  new  substances,  must  be 
formttl ;  and  the  urea  and  uric  acid  must  be  formed  at  the 
sapoe  time,  in  consequence  of  the  combined  action  of  the 
affinities  which  produce  the  change  on  the  blood ;  and  being 
useless,  they  are  thrown  out  together  with  a  quantity  of 
water  and  salts,  which,  in  all  probability,  were  useful  in 
bringing  about  the  changes  which  take  place  in  the  arteries 
and  in  the  kidneys,  but  which  are  no  longer  of  any  service 
after  these  changes  are  brought  about 

Tbe  changes  operated  upon  the  blood  in  the  kidneys  are 
at  present  altogether  unknown ;  but  they  must  be  impor* 
tant.  Provided  the  method  of  analysing  animal  substances 
were  so  far  perfected  as  to  admit  of  accurate  conclusions, 
considerable  light  might  be  thrown  upon  this  subject,  by 
analysing  with  care  a  portion  of  blood  fit)m  the  emulgent 
^n  and  artery  separately,  and  ascertaining  precisely  in 
what  particulars  they  difier  from  each  other. 
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OF  PERSPIRATION. 

Thus  wc  have  seen  that  the  principal  changes  which  the 
blood  undergoes,  as  fiu*  at  least  as  we  are  at  present  ac- 
quainted with  them,  take  place  in  the  lungs,  in  the  kidneys 
and  in  the  arteries..  In  the  lungs,  a  quantity  of  water  and 
carbonic  acid  gas  is  emitted  from  the  blood;  and  in  the 
kidneys,  the  urine  is  formed  and  separated  from  it.  There 
seems  also  to  be  sometliing  dirown  out  from  the  blood  during 
its  circulation  in  the  arteries,  at  least  through  those  vessels 
which  arc  near  the  surface  of  the  body :  for  it  is  a  fact,  that 
certain  substances  are  constandy  emitted  fit>m  the  skins  of 
animals.  These  substances  arc  known  in  general  by  the 
name  of  perspirable  matter ^  or  persfnratwn.  They  have  a 
great  resemblance  to  what  is  emitted  in  the  lungs;  which 
renders  it  probable  that  both  cxcreUons  are  owing  to  the 
same  cause ;  namely,  to  the  decomposition  produced  in  the 
blood  by  the  cfTects  of  respiration. 
Quantity  Many  experiments  have  been  made  to  ascertain  the 
quantity  of  matter  perspired  through  the  skin.  ¥or  the 
fii^t  set,  and  not  the  least  remarkable,  wc  are  indebted  to 
Sanctorius ;  who  continued  Uicm  for  no  less  than  30  years. 
\le  ascertained  his  own  weight  and  the  weight  of  his  food ; 
and  whatever  weight  he  lost  over  and  above  that  of  his  ex- 
crements, he  ascribed  to  perspiration.  A  similar  set  of 
experiments  was  afterwards  made  in  France  by  Dodart;  in 
England  by  Keil;  in  Ireland  by  Brjan  Robertson  and 
Rye ;  and  in  Carolina  by  Lining.  The  result  of  all  these 
experiments  has  been  collected  by  Haller ;  but  it  gives  us 
no  precise  estimate  of  the  amount  of  the  transpiratioii,  since 
these  philosophers  have  not  distinguished  between  what  is 
lost  by  the  skin  and  by  the  lungs.  I^voisier  and  Seguin 
alone  have  attempted  to  ascertain  the  amount  of  the  matter 
perspired  through  the  skin.  A  bag  composed  of  varnished 
silk,  and  perfectly  air-tight,  was  procured,  within  whidi 
Seguin,  who  was  usually  the  subject  of  experiment,  was 
enclosed,  and  the  bag  was  dosed  exactly  over  his  head. 
There  was  a  slit  in  the  bag  opposite  to  his  mouth,  and  the 
edges  of  this  slit  were  accurately  cemented  round  the  mouth 
by  means  of  a  mixture  of  turpentine  and  pitch.    Thus 
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every  thing  emitted  by  the  body  wa«  retained  in  the  bag^  Chtp.  ut 
except  what  made  its  escape  from  the  lungs  by  reBpiration*  ^"'V*^ 
By  weighing  himself  in  a  delicate  balance  at  the  eonv* 
mencement  of  the  experiment,  and  again  after  he  had  coin 
[  tinned  for  some  time  in  the  bag,  the  quantity  of  matter  car* 

i  ried  off  by  respiration  was  ascertained.  By  weighing  him-* 
^  self  without  this  vaniished  covering,  and  repeating  the 
operation  afler  the  same  interval  of  time  had  elapsed  as  in 
the  former  experiment,  he  ascertained  the  loss  of  weight 
occasioned  by  perspiration  and  respiration.  By  subtracting 
from  this  sum  the  loss  of  weight  indicated  by  the  first  exp^ 
riment,  he  obtained  the  quantity  of  matter  which  made  its 
escape  by  perspiration  in  a  given  time.  The  following  facts 
were  ascertained  by  these  experiments : 

1.  The  maximum  of  matter  perspired  in  a  minute 
amounted  to  26*25  grains  troy;  the  minimum  to  nine 
grains :  which  gives  17*63  grains  at  a  medium  in  the  minutOf 
or  52*89  ounces  in  the  24  hours.  This  quantity  differs  less 
than  might  have  been  expected  from  the  result  of  fonner 
experiments  made  by  Dodart,  Keii,  Rye,  &c. 

2.  The  quantity  perq>ired  is  increased  by  drink,  but  not 
by  solid  food. 

S.  Perspiration  is  at  its  minimum  immediately  after  a 
repast.     It  reaches  its  maximum  during  digestion.* 

The  quantity  of  matter  perspired  differs  very  considerably 
according  to  circumstances.  It  has  been  shown  to  be 
greatest  in  hot  weather,  and  in  hot  climates,  and  after  great 
'-  exercise;  and  its  relation  to  the  qnanti^  of  urine  has  been 
long  known.  When  the  matter  perspu*ed  is  great,  the 
quantity  of  urine  is  small,  and  vice  versa. 

To  ascertain  die  substance  thus  emitted  by  perspiration  Substance 
is  a  difficult  task,  because  it  passes  off  invisibly,  and  in  small  perspired* 
quantities  at  a  time.     It  has,  notwithstanding,  been  ascei^ 
^        tained,  that  water,  carbon,  and  an  oily  matter  are  emitted; 
and  that  an  acid,  phosphate  of  lime,  and  even  ure%  are 
sometimes  emitted  through  the  skimt 

It  has  been  supposed  that  the  skin  has  the  property  of 
tAiorbing  moisture  {rom  the  air;  but  this  opinion  has  not 
been  confirmed  by  experiments,  but  ratlier  the  contrary. 

The  chief  arguments  in  favour  of  absorption  of  the  skin  Whethei 

•  Fourcroy,  ix.  198.  +  See  the  preceding  Chapter,  Sect.  25. 
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have  been  drawn  from  the  quantity  of  moisture  disdiarged 
by  urine  bdng,  in  some  cases,  nol  only  greater  than  the 
whole  drink  of  the  patient,  but  even  than  the  whole  of  his 
drink  and  food.  But  it  ought  to  be  remembered  that,  in 
diabetes,  the  disease  here  alluded  to^  the  wdght  of  the  body 
is  continually  diminishing,  and  therefore  part  of  it  must  be 
constantly  thrown  off.  Besides,  it  is  scarcdy  possible  in 
that  disease  to  get  an  accurate  account  of  the  food  swal- 
lowed by  the  patients;  and  in  those  cases  where  very  tocii- 
late  accounts  have  been  kept,  and  where  deception  was  not 
to  much  practised,  the  urine  was  found  not  to  exceed  the 
quantity  of  drink.*  In  a  case  of  diabetes,  related  wiA 
much  accuracy  by  Dr.  Gerard,  the  padent  was  bathed 
regularly  during  the  early  part  of  the  disease  in  warm  water, 
•and  afterwards  in  cold  water:  he  was  weighed  before  and 
after  bathing,  and  no  sensible  di£ferenoe  was  ever  found  in 
bis  weightt  Consequoitly,  in  that  case^  the  quanti^  ah* 
sorbed,  if  any,  must  have  been  very  smalL 

It  is  well  known  that  thirst  is  much  alleviated  by  cold 
bathing.  By  this  plan  Cq)tain  Bligb  kept  bk  *men  cool 
and  in  good  health  during  their  verjr  extraordinary  voyage 
across  the  South  Sea.  Tliis  has  been  considered  as  owing 
to  the  absorption  of  water  by  the  skin.  But  Dr.  Currie 
had  a  patient  who  was  wasting  fast  for  want  of  nourish- 
ment, a  tumor  in  the  oesophagus  prevoiting  the  possibility 
of  taking  food,  and  whose  thirst  was  always  alleviated  by 
bathing ;  yet  no  sensible  increase  of  weight,  but  rather  the 
contrary,  was  perceived  after  bathing.  It  does  not  a[^>ear, 
then,  that  in  either  of  these  cases  water  was  absorbed 

Farther,  Seguin  has  shown  that  the  skin  does  not  absorb 
water  during  bathing,  by  a  still  more  complete  experiment: 
He  dissolved  some  mercurial  salt  in  water,  and  found  that 
the  mercury  produced  no  effect  upon  a  person  that  bathed 
ill  the  water,  provided  no  part  of  the  cuticle  was  injured ; 
but  upon  rubbing  off  a  portion  of  the  cuticle,  the  mercurial 
solution  was  absorbed,  and  the  effects  of  the  mercuiy  became 
evident  upon  the  body.  Hence  it  follows  irresistibly,  that 
water,  at  least  in  the  state  of  waieTf  is  not  absorbed  by  the 
skin  when  the  body  is  plunged  into  it,  unless  the  cutide  be 
first  removed. 

•  Se«  RoUo  on  Diabetes.  f  Ibid.  ii.  73. 
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This  may  pcrhaiM  be  considered  as  a  complete  proof  that  chtp.  ni. 
no  such  thing  as  absorption  is  performed  by  the  skin ;  and  ^"^v^ 
that  therefore  the  appearance  of  carbonic  acid  gas,  which  ^^^  '* 
takes  place  when  air  is  confined  around  the  skin,  must  be  other  rab» 
owing  to  the  emission  of  carbon.    But  it  ought  to  be  con-  '^^^^- 
sidered,  that  although  the  skin  cannot  absorb  water,  this  is 
no  proof  that  it  cannot  absorb  other  substances ;  particu- 
larly that  it  cannot  absorb  oxygen  gas,  which  is  very  dif- 
ferent from  water.    It  is  well  known  that  water  will  not 
pass  through  bladders,  at  least  for  some  time:  yet  Dr. 
Priestley  found  that  venous  blood  acquired  the  colour  of 
arterial  blood  from  oxygen  gas,  as  readily  when  these  sub- 
stances were  separated  by  a  bladder  as  when  they  were  in 
actual  contact    He  found,  too,  that  when  gases  were  con- 
fined in  bladders,  they  gradually  lost  their  properties.    It 
is  clear  from  these  facts,  that  oxygen  gas  can  pervade  blad- 
den :  and  if  it  can  pervade  them,  why  may  it  not  also  per- 
vade the  cuticle?  Nay,  &rther,  we  know  from  the  experi- 
ments of  Cruickshanks,  that  the  vapour  perspired  passes 
through  leather,  even  when  prepared  so  as  to  keep  out 
moisture,  at  least  for  a  certain  time.    It  is  possible,  then, 
that  water,  when  in  the  state  of  vapour,  or  when  dissolved 
in  air,  may  be  absorbed,  although  water,  while  in  the  state 
d  water,  may  be  incapable  of  pervading  the  cuticle.    The 
experiments,  therefore,  which  have  hitherto  been  made 
upon  the  absorption  of  the  skin  are  insufficient  to  prove 
that  air  and  vapour  cannot  pervade  the  cuticle,  provided 
there  be  any  facts  to  render  the  contrary  supposition  pn^ 
bable. 

Now,  that  there  are  such  facts  cannot  be  denied.  I  shall 
not  indeed  produce  the  experiment  of  Van  Mons  as  a  fact 
of  that  kind,  because  it  is  liable  to  objections,  and  at  beA  is 
very  indecisive.  Having  a  patient  under  his  care  who, 
from  a  wound  in  the  throat,  was  incapable  for  several  days 
of  taking  any  nourishment,  be  kept  him  alive  during  that 
time  by  applying  to  the  skin,  in  diflerent  parts  of  the  body, 
several  times  a^day,  a  sponge  dipped  in  wine  or  strdng 
soup.*  A  fact  mentioned  by  Dr.  Watson  is  much  more 
important,  and  much  more  decisive.    A  lad  at  Newmarket, 

•  Phil.  Mag.  n.  OS. 
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Book  Y.  who  had  been  almost  starved  in  order  to  bring  him  down  to 
such  a  weight  as  would  qualify  him  for  running  a  horse 
race>  was  weighed  in  the  morning  of  the  race  day ;  he  was 
weighed  again  an  hour  after,  and  was  found  to  have  gained 
80  ounces  of  weight ;  yet  in  the  interval  he  had  only  taken 
half  a  glass  of  wine.  Here  absorption  must  have  taken 
place,  either  by  the  skin  or  lungs,  or  both.  The  difficulties 
in  either  case  are  the  same ;  and  whatever  renders  absorp- 
tion by  one  probable,  will  equally  strengthen  the  probabi- 
lity that  absorption  takes  place  by  the  other.* 


SECT.  V. 


OF  ASSIMILATIOK. 


We  have  now  seen  the  prepress  of  digestion,  and  the 
ibrmation  of  blood,  as  fiur  at  least  as  we  are  acquainted  with 
it     But  to  what  purposes  is  this  blood  employed,  which  is 
formed  with  so  much  care,  and  for  the  formation  of  which 
mood  tn-    00  great  an  apparatus  has  been  provided?    It  answers  two 
purp^n^   purposes.   The  parts  of  which  the  body  is  composed,  bones, 
1.  Suppiiet  muscles,  ligaments,  membranes,  &c.  are  continually  chang- 
tfae  wytvutt,  i"S-     '"  youth  they  are  increasing  in  size  and  strength,  and 
in  mature  age  they  are  continually  acting,  and  consequently 
continually  liable  to  waste  and  decay.     They  are  often  ex- 
posed to  accidents,  which  render  them  unfit  for  performing 
their  various  functions ;  and  even  when  no  such  accident 
happens,  it  seems  necessary  for  tlie  health  of  the  system 
that  they  should  be  now  and  theil  renewed.     Materials 
therefore  must  be  provided  for  repairing,  increasing^  or 
renewing  all  the  various  organs  of  the  body ;  phosphate  of 
lime  and  gelatin  for  the  bones,  fibrin  for  the  muscles^  albu- 
men for  the  cartilages  and  membranes,  &c.     Accordingly 
all  these  substances  are  laid  up  in  the  blood ;  and  they  are 

*  Watson's  Chemical  Essays,  iii.  101.  The  Abb^  Footaim  also  foaod 
thaty  afler  walking  iu  moist  air  for  an  hour  or  two,  he  retunied  faooae 
tome  ounces  heavier  than  he  went  out,  notwithstanding  he  liaJ  suffered 
considerable  evacuation  from  a  brisk  purge  purposely  taken  for  the  expe- 
riment. This  increase,  indeed,  might  h%  partly  accounted  for  by  the  aU 
sorption  of  moisture  by  his  clothes. 
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drawn  from  that  fluid,  as  from  a  storehousey  whenever  ttiey  Chap.  ill. 
are  required.    The  process  by  which  the  different  ingr^  ^^TV"^ 
dients  of  the  blood  are  made  part  of  the  various  organs  of  tj^™ 
die  body  is  called  assimilation. 

Over  the  nature  of  assimilation  the  thickest  darkness  sdll 
bangs :  there  is  no  key  to  eicplain  it,  nothing  to  lead  as  to 
the  knowledge  of  the  instruments  employed.  Facts,  how- 
ever, have  been  accumulated  in  sufficient  numbers  to  put 
the  existence  of  the  process  beyond  the  reach  of  doubt. 
The  healing,  indeed  of  every  fractured  bone,  and  every  wound 
of  the  body,  is  a  proof  of  its  existence,  and  an  instance  of 
its  action. 

Every  organ  employed  in  assimilation  has  a  peculiar  Evefy  asii* 
office;  and  it  always  performs  this  office  whenever  it  has  "''^^'V 
materials  to  act  upon,  even  when  the  performance  of  it  is  duces « 
contrary  to  the  interest  of  the  animal.    Thus  the  stomach  ^P^|^ 
always  converts  food  into  diyme,  even  when  the  food  is  of 
such  a  nature  that  the  process  of  digestion  will  be  retarded 
rather  than  promoted  by  the  change.    If  warm  milk,  for 
instance,  or  warm  blood,  be  thrown  into  the  stomach,^  they 
are  always  decomposed  by  that  organ,  and  converted  into 
diyme ;  yet  these  substances  are  much  more  nearly  assimi- 
lated to  the  animal  before  the  action  of  the  stomach  than 
after  it.    The  same  thing  happens  when  we  eat  animal 
ibod. 

On  the  other  hand,  a  substance  introduced  into  an  organ  And  no 
employed  in  assimilation,  if  it  has  undergone  precisely  the  ^^^^' 
change  which  that  organ  is  fitted  to  produce,  is  not  acted 
upon  by  that  organ,  but  passed  on  unaltered  to  tlie  next 
assimilating  organ.  Thus  it  is  the  office  of  the  intestines 
to  convert  chyme  into  chyle.  Accordingly,  whenever 
ehyfne  is  introduced  into  the  intestines,  they  perform  their 
office,  and  produce  the  usual  change;  but  if  chyle  itself  be 
introduced  into  the  intestines,  it  is  absorbed  by  the  lacteals 
without  alteration.  The  experiment,  indeed,  has  not  been 
tried  with  true  chyle,  because  it  is  scarcely  possible  to  pro- 
cure  it  in  sufficient  quantity ;  but  when  milk,  which  resem* 
bles  chyle  pretty  accurately,  is  thrown  into  the  jgunum,  it 
is.  absorbed  unchanged  by  the  lacteals.* 

•  Fordyce  on  Digostioii,  p.  189. 
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MBookV.  Agaiiii  the  office  of  the  blood-Vessels,  as  assimdatui^ 
^■"^^—^  oigans,  is  to  convert  chyle  into  blocxl.  Chyle,  accordingly, 
cannot  be  introduced  into  the  arteries  without  undergoing 
that  change ;  but  blood  may  be  introduced  from  another 
animal  without  any  injury,  and  consequently  without  un- 
dergoing any  change.  Tliis  experiment  vras  first  made  by 
Lower,  and  it  has  since  been  very  often  repeated. 

Also,  if  a  piece  of  fresh  muscular  flesh  be  applied  to  the 
jnusde  of  an  animal,  ihey  adhere  and  incorporate  without 
any  change^  as  has  been  sufficiently  established  by  the  ex- 
periments of  Mr.  J.  Hunter ;  and  Buniva  has  ascertained, 
that  fresh  bone  may,  in  the  same  manner,  be  engrafted  on 
the  bones  of  animals  of  the  same  or  of  different  spedes.* 
FQurigB  In  short,  it  seems  to  hold,  at  least  as  far  as  experiments 

ma/tefai*  ^^^  hitherto  been  made,  that  foreign  substances  may  be 
coy^c*  incorporated  with  those  of  the  body,  provided  tbey  be  pre- 
^odj.  ciaely  of  the  same  kind  with  those  to  which  they  are  added, 
whether  fluid  or  solid.  Thus  chyle  may  be  mixed  with 
cbyl^  blood  with  blood,  muscle  with  muscle,  and  bone  with 
bcme.  The  experiment  has  not  been  extended  to  the  other  . 
animal  substances,  the  nerves,  for  instance :  but  it  is  ex- 
tremely probable  that  it  would  hdd  with  respect  to  them 
alsa 

On  the  other  hand,  when  substances  are  introduced  into 
any  part  of  the  body  which  are  not  the  same  with  that  part, 
nor  the  same  with  the  substance  upon  which  that  part  acts, 
provided  they  cannot  be  thrown  out  readily,  they  destroy 
the  port,  and  perhaps  even  the  animal.     Thus  foreign  sub- 
stances introduced  into  the  blood  very  soon  prove  fatal; 
and  introduced  into  wounds  of  the  flesh  or  bones,  tliey  pre- 
vent these  parts  from  healing. 
Powen  of        Although  the  different  assimilatii^  organs  have  the  power 
Uting  or- '  ^^  changing  certain  substances  into  others,  and  of  throwing 
K^ji-       out  the  useless  ingredients,  yet  this  power  is  not  absolute, 
even  when  the  substances  on  which  they  act  ai'e  proper  for 
undergoing  the  change  which  the  organs  produce.    Thus 
the  stomach  converts  food  into  chyme^  the  intestines  chyme 
into  chyle,  and  the  substances  which  have  not  been  con- 
certed into  chyle  are  thrown  out  of  the  body.     If  there  hap- 

•  Phil.  Mag.  vi.  306. 
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.  pm  to  be  present  in  the  stomach  and  intestines  any  sab-  chip.  IIL 
ttBDoe  which,  though  incapable  of  undergoing  these  changes,  ^—  v  "  ' 
at  least  by  the  action  of  the  stomach  and  intestines,  yet  has 
a  strong  affinity,  either  for  the  whole  chyme  and  chyle,  or 
for  tome  particular  part  of  it,  and  no  affinity  for  the  sub- 
stances which  are  Uirown  out,  that  substance  passes  along 
with  the  chyle,  and  in  many  cases  continues  to  remain  che- 
mically combined  with  the  substance  to  which  it  is  united 
in  the  stomach,  even  after  that  substance  has  been  com- 
pletely assimilated,  and  made  a  part  of  the  body  of  the 
animal*  Thus  there  is  a  strong  affinity  between  the  co- 
louring matter  of  madder  and  phosphate  of  lime.  Accord- 
ingly, when  madder  is  taken  into  the  stomach,  it  combines 
with  the  phosphate  of  lime  of  the  food,  passes  with  it  through 
the  lacteals  and  blood  vessels,  and  is  deposited  with  it  in  tibe 
bones,  as  was  proved  by  the  experiments  of  Bechier  *  and 
Duhamel.tl  n  the  same  manner,  musk,  indigo,  &c.  when 
taken  into  the  stomach,  make  their  way  into  many  of  the 
secretions. 

These  fiicts  show  us  that  assimilation  is  a  chemical  pro-  Attimila- 
cess  firom  beginning  to  end;  that  all  the  changes  are  pro-  mical  prtT 
duced  according  to  the  laws  of  chemistry ;  and  that  we  can 
even  derange  the  r^^ularity  of  the  process  by  introducing 
substances  whose  mutual  affinities  are  too  strong  for  the 
organs  to  overcome. 

It  cannot  be  denied,  then,  that  the  assimilation  of  food 
consists  merely  in  a  certain  number  of  chemical  decompo- 
ntions  which  that  food  undergoes,  and  the  consequent 
formation  of  certain  new  compounds.  But  are  the  agents 
employed  in  assimilation  merely  chemical  agents?  We 
cannot  produce  any  thing  like  these  changes  on  the  food 
out  of  the  body,  and  therefore  we  must  allow  that  they  are 
the  consequence  of  the  action  of  the  animal  organs.  But 
this  action,  it  may  be  said,  is  merely  the  secretion  of  parti- 
cular juices,  which  have  the  property  of  inducing  the  wished- 

•  Phil.  Trani.  1736,  p.  287. 

f  Ibid.  1740y  p.  390.  The  fact  wa^.iaentioned  by  Mizaldus  in  a  book 
pablithed  in  1566^  entitled,  Mendimbilium,  utilium  ac  jucundorum 
Centiiri*  novem, 
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'Book  V.  Tor  change  upon  the  food :  and  this  very  change  nvbalcl  Be 
"^"v— ^  produced  out  of  the  bbdy,  provided  we  could  prodoie  these 
substances,  and  apply  them  in  proper  quantity  to  the  fbod 
If  this  supposition  be  true,  the  specific  action  of  the  veisds 
consists  in  the  secretion  of  certain  substances ;  consequently 
the  cause  of  this  secretion  is  the  real  agent  in  assimilatioii. 
Now,  can  the  cause  of  this  secretion  be  shown  to  be  merely 
a  chemical  agent?    Certainly  not.     For  in  the  stomach, 
Vhere  only  this  secretion  can  be  shown  to  exist,  it  is  not 
always  the  same,  but  yaries  according  to  circumstances. 
Thus  eagles  at  first  cannot  digest  grain,  but  they  may  be 
brought  to  do  it  by  persisting  in  making  them  use  it  as 
food.   On  the  contrary,  a  lamb  cannot  at  first  d^est  animal 
food,  but  habit  will  dso  give  it  this  power.     In  this  Case, 
it  is  evident  that  the  gastric  juice' changes  according  to  cir* 
cumstances. 
But  the  &•       The  presence  of  some  agent,  different  from  a  tnere  che> 
Sf^^  "^     mical  power,  will  be  still  more  evident,  if  we  consider  the 
immunity  of  the  stomach  of  the  living  animal  durii^  the 
process  of  digestion.    The  stomach  of  animaJs  is  as  fit  for 
food  as  any  other  substance.     The  gastric  juice,  therefore^ 
must  have  the  same  power  of  acting  on  it,  and  of  decompo- 
sing it,  that  it  has  of  acting  on  cdier  substances;  yet  it  is 
well  known  that  the  stomach  is  not  affected  by  digestion 
while  the  animal  retains  life;    though,   as   Mr.   Hunter 
ascertained,  the  very  gastric  juice  which  the  living  stomach 
secretes,    often  dissolves  the  stomach  itself  after  death.* 
Now  what  is  the  power  which  prevents  the  gastric  juice 
from  acting  on  the  stomach  during  life?     Certainly  neither 
a  chemical  nor  mechanical  agent,  for  these  agents  muse  still 
retain  the  same  power  after  death.     We  must,  then,  of  ne- 
cessity conclude,  that  there  exists  in  the  animal  an  agent 
very  different  from  chemical  and  mechanical  powers^  since 
It  controuls  these  powers  according  to  its  pleasure.    These 
powers,  therefore,  in  the  living  body,  are  merdy  the  ser- 
yants  of  this  superior  agent,  which  directs  them  so  as  to 
accomplish  always  one  particular  end.     This  agent  seems 
to  regulate  the  chemical  powers,  chiefly  by  bringing  only 

•  PhiL  TrsDi.  1772,  p.  447. 
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TORCain  substances  together  which  are  to  be  decomposed,  aiap.ilL 
aijid  by  keeping  at  a  distance  those  substances  which  would 
4iiterfere  with,  or  diminish,  or  spoil  the  product,  or  injure 
the  organ ;  and  we  see  that  this  separation  is  always  at- 
tended to  even  when  the  substances  are  apparently  mixed 
together:  For  the  very  same  products  are  not  obtained, 
which  would  be  obtained  by  mixing  the  same  substances 
together  out  of  the  body,  that  are  produced  by  mixing  them 
in  the  body ;  consequently  all  the  substances  arc  not  left  at 
&11  liberty  to  obey  the  laws  of  their  mutual  affinities.  The 
superior  agent,  however,  is  not  able  to  exercise  an  unlimited 
authority  over  the  chemical  powers;  sometimes  they  are 
too  strong  for  it :  some  substances,  accordingly,  as  madder, 
make  their  way  into  the  system ;  while  others,  as  arsenic, 
decompose  and  destroy  the  organs  of  the  body  themselves. 

But  it  is  not  in  digestion  alone  that  this  superior  agent 
.makes  the  most  wonderful  display  of  its  power;  it  is  in  the  last 
.part  of  assimilation  that  our  admiration  is  most  powerfully  ex- 
cited.    How  comes  it  that  the  precise  substances  wanted  are 
.always  carried  to  every  organ  of  the  body  ?  How  comes  it 
that  fibrin  is  always  regularly  deposited  in  the  muscles,  and 
jpbosphate  of  lime  in  the  bones  ?  And,  what  is  still  more  unac^ 
.countable,  how  comes  it  that  prodigious  quantities  of  some 
.one  particular  substance  are  formed  and  carried  to  a  parti- 
.cular  place,  in  order  to  sppply  new  wants  which  did  not  be- 
fore exist?    A  bone,  for  example,  becomes  diseased  and 
.unfit  for  the  use  of  the  animal;  a  new  bone  therefore  is 
&rmed  in  its  place,  and  the  old  one  is  carried  off  by  the 
absorbents.    In  order  to  form  this  new  bone,  large  quanti- 
ties of  phosphate  of  lime  are  deposited  in  a  place  wh^re  the 
.sa^ie  quantity  was  not  before  necessary.     Now,  who  in* 
iS^rms  this  agent  that  an  unusual  quantity  of  phosphate  pf 
lime  is  necessary,  and  that  it  must  be  carried  to  that  parti- 
cular place?    Or,  granting,  as  is  most  probable,  that  the 
phosphate  of  lime  of  the  old  bone  is  partly  employed  for 
this  purpose,  who  taught  this  agent  that  the  old  bone  must 
be  carried  ofi^,  new-modelled,  «^d  deposited  and  assimilated 
^anew?    The  same  wonders  ^e  place  during  the  healing 
.pf  every  wound,  and  the  renewing  pf  eve^  diseased  part 

But  neither  in  this  case  is  the  power  of  this  agent  over 
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the  tf^ftwiynl  agents  which  are  employed  absolute.    Vft 
iU||r.  present  a  fractured  bone  from  healing,  by  gi^ng  the 
patient  large  quantities  of  acids.     And  unless  the  ^lateriab 
for  new-wanted  substances  be  •supplied  by  the  food,  they 
cannot  in  many  cases  be  formed  at  all.    Thus  the  canary 
••  bird  cannot  complete  her  eggs  unless  she  be  furnished  with 
lime. 
NttoRof        As  this  agent  which  characterises  living  bodies  does  not 
•^^■•"^  appear  to  act  according  to  the  principles  of  chemistry,  any 
inquiry  into  its  nature  would  be  foreign  to  the  subject  of  this 
work.     Physiologists  have  given  it  the  name  of  the  living 
or  animal  principle ;  and  to  them  I  b^  leave  to  refer  the 
reader, 
t.  Blood         Besides  the  different  organs  of  the  body,  the  blood  is 
fainiibei     jg^  emploved  in  forming  all  the  different  secretions  which 
fftaU  ofse-  are  necessary  for  the  purposes   of  the  animal  economy. 
*'*^'      These  have  been  enumerated  in  the  last  chapter.    The 
process  is  similiar  to  that  of  assimilation,  and  undoubtedly 
the  agents  in  both  cases  are  the  same :  but  we  are  equally 
ignorant  of  the  precise  manner  in  which  secretion  is  per« 
formed  as  we  are  of  assimilation. 
Afkimalf         Afler  these  functions  have  gone  on  for  a  certain  time, 
decajind    which  is  longer  or  shorter  according  to  the  nature  of  the 
animal,  the  body  gradually  decays,  at  last  all  its  functions 
cease  completely,  and  the  animal  dies.     The  cause  of  this 
must  appear  very  extraordinary,  when  we  consider  the 
power  which  the  animal  has  of  renewing  decayed  parts ;  for 
it  cannot  be  doubted  that  death  proceeds,  in  most  cases  at 
least,  from  the  body  becoming  incapable  of  performing  its 
fimctions.     But  if  we  consider  that  this  power  is  limited, 
and  that  it  must  cease  altogether  when  those  parts  of  the 
system  begin  to  decay  which  are  emplojred  in  preparing 
materials  for  future  assimilation,  our  surprise  will,  in  some 
measure,  cease.     It  is  in  these  parts,  in  the  organs  of  diges- 
tion and  assimilation,  accordingly,  that  this  decay  usually 
proves  fatal.     The  decay  in  other  parts  destroys  life  only 
when  the  waste  is  so  rapid  that  it  does  not  admit  of  repair. 
What  the  reason  is  that  the  decay  of  the  organs  causes 
death,  or,  which  is  the  same  diing,  causes  the  living  prin- 
ciple either  to  cease  to  act,  or  to  leave  the  body  altogether. 
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it  is  perfectly  impossible  to  say,  because  we  know  toS  little  Chap.  ly. 
of  the  nature  of  the  living  principle,  and  of  the  mannif  in  ' 
which  it  is  connected  with  die  body.  The  last  is  evidently 
above  the  human  understanding ;  but  many  of  the  proper- 
ties of  the  living  principle  have  been  discovered  :  and  were 
the  facts  already  known  properly  arranged,  and  such  gene- 
ral conclusions  drawn  from  them  as  their  connection  with 
each  other  fully  warrant,  a  degree  of  light  would  be  thrown 
upon  the  animal  economy,  which  those  who  have  not  at- 
tended to  the  subject  are  not  aware  of. 

No  sooner  is  the  animal  dead,  than  the  chemical  and 
mechanical  agents,  which  were  formerly  servants,  usurp  the 
supreme  power,  and  soon  decompose  and  destroy  that  very 
body  which  had  been  in  a  great  measure  reared  by  their 
means.  But  the  changes  which  take  place  upon  animal 
bodies  after  death,  are  too  important  to  be  passed  over 
slightly.  They  shall  therefore  form  the  subject  of  the  next 
chapter. 


CHAP.  IV. 

OF  THE   DECOMPOSITION   OF  ANIMAL  BODIES. 

The  rapidity  with  which  animal  bodies  undergo  decom- 
position, and  (he  disgusting  fetor  which  accompanies  this 
decomposition,  have  long  been  considered  as  some  of  their 
most  striking  peculiarities.  This  spontaneous  destruction 
is  denominated  putrifaciiaru  Considerable  attention  has 
been  paid  to  it  by  chemists.  Beccher  and  Stahl  have  de- 
scribed with  fidelity  the  phenomena  with  which  it  is  at- 
tended, and  the  circumstances  necessary  for  its  taking  place. 
Several  curious  remarks  on  it  were  made  by  Boyle  and 
Beale.*  To  Sir  John  Pringle  we  are  indebted  for  some 
important  experiments  on  the  method  of  retarding  putri- 
&ction  ;t  neither  are  the  experiments  of  Dr.  Macbride  less 
valuable,  though  the  consequences  which  he  drew  from 
them  were  erroneous.     We  are  indebted  also  to  Crell  and 

•  Phil.  Traof .  iv.  17S5.  f  Ihid.  xWi.  480,  &c. 
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BookV.  PiiWlg^  for  maiiy  valuable  facts;  and  to  Bferthollet  anfd 
I^iTdisier  for  the  first  attempts  to  determine  the  real  cbanges 
which  takes  place,  and  the  manner  in  which  the  new  pir6- 
ducts  which  appear  during  putrifaction  are  formed.  But 
notwithstanding  the  labours  of  these  philosophers,  and  of 
many  others,  much  is  still  wanting  to  enable  us  t^  trace  the 
complicated  changes  which  take  place  during  putrifaction, 
and  to  account  for  them  in  a  satisfactory  manner. 
CoBditiont  It  has  been  ascertained  long  ago,  that  putri&ction  never 
for  iMittt  ^^  place  in  those  animal  substances  which  contain  ofily 
hcuon.  two  or  three  ingredients,  such  as  oils,  resins,  sugar ;  they 
must  always  be  more  complicated  in  their  texture:  and 
perhaps  in  all  cases  a  mixture  of  two  or  more  compound 
bodies  is  necessary  for  speedy  decomposiUon.  Btit  how- 
ever complicated  the  animal  substance  may  be^  it  does  ncft 
putrify  unless  moisture  be  present;  for  dry  anirbal  suV- 
stances  are  not  susceptible  of  alteration.  A  certain  degree 
of  heat  is  also  necessary.  Animal  bodies  may  be  le[^ 
without  decomposing  for  any  length  of  time  at  the  freezing 
temperature.  In  general,  the  higher  the  temperature  the 
more  rapid  is  the  putrifaction,  provided  the  heat  be  not 
great  enough  to  reduce  the  animal  body  to  dryness.  It  has 
been  observed,  too,  that  putrifaction  advances  with  more 
rapidity  in  the  open  air ;  but  exposure  to  the  air  is  not  ne- 
cessary, though  it  modifies  the  decomposition. 
Futrifac-  When  these  conditions  are  observed,  and  dead  animal 
matter  is  lefl  to  itself,  its  colour  becomes  gradually  paler, 
and  its  consistence  diminishes :  if  it  be  a  solid  part,  suth 
as  flesh,  it  soflens,  and  a  serous  matter  sweats  out,  wfadse 
colour  quickly  changes ;  the  texture  of  the  part  becomes 
relaxed,  and  its  organization  is  destroyed;  it  acquires  a 
disagreeable  smell ;  the  substance  gradually  sinks  dowti, 
and  is  diminished  in  bulk ;  its  smell  becomes  Sti^ngly  am- 
moniacat.  If  the  subject  be  contained  in  a  close  ve^,  the 
progress  of  putrifaction  at  this  stage  seems  fo  slacken ;  no 
other  smell  but  that  of  a  pungent  alkali  is  ^rceiv^ ;  the 
matter  effervesces  with  acids,  and  converts  syrup  of  vfofets 
to  a  green.  But  if  the  communication  with  the  air  be  ad- 
mitted, the  urinous  exhalation  is  dissipated,  and  a  pecu- 
liar putHd  smell  is  spread  around  widi  a  kind  of  impe- 
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tuosity;  a  smell  of  the  most  insuppoitablet  kind,  wbich  Chap.  ly. 
lasts  a  long  time,  and  pervader  every  place,  afiectkig  ui§  ^^^^^^ 
bodies  of  living  animals  after  the  manner  of  a  ferment, 
capable  of  altering  the  Quids :  this  smell  is  corrected,  and 
as  it  i^ere  confined  by  ammonia.  When  the  latter  is  vola- 
tilized, the  putrlfactive  process  becomes  active  a  second 
time,  and  tlie  substance  suddenly  swells  up,  becomes  filled 
with  bubbles  of  air,  and  soon  after  subsides  again.  Its 
colour  changes,  the  fibrous  texture  of  the  flesh  being  then 
scarcely  distinguishable ;  and  the  whole  is  changed  into  a 
soft  brown  or  greenish  matter,  of  the  consistence  of  a  poul- 
tice, whose  smell  is  faint,  nauseous,  and  very  active  on  the 
bodies  of  animals.  The  odorant  principle  gradually  loses 
its  force,  the  fluid  portion  of  the  flesh  assumes  a  kurd  of 
consistence,  its  colour  becomes  deeper,  and  it  is  finally  re- 
duce mto  a  friable  matter,  rather  deliquescent:  which, 
being  I'ubbed  between  the  fingers,  breaks  into  a  course 
powder  like  earth.  This  is  the  last  state  observed  in  the 
putrifaction  of  animal  substances ;  they  do  not  arrive  at  this 
t^rm  but  at  the  end  of  a  considerable  time.* 

During  this  decomposition  a  variety  of  gaseous  bodies  Producti. 
are  emitted :  these  vary  according  to  the  substance  exposed 
to  putrifaction ;  but  they  consist  chiefly  of  hydrogen  gas, 
holding  sulphur,  phosphorus,  and  carbon  in  solution;  of  am- 
monia, water,  and  carbonic  acid,  and  perhaps  also  of  azotic 
gas.  Nitric  acid  seems  in  somie  cases  to  be  formed  and 
emitted.  The  earthy-like  residuum,  which  remains  after  the 
decomposition  is  completed,  consists  of  the  fixed  parts  of  the 
animal  substance,  mixed  with  charcoal,  oil,  and  ammonia* 
Thus  it  appears  that  putri&ction  consists  in  a  total  decom- 
position  of  Uie  animal  body ;  the  elements  of  which  combine 
together  two  and  two,  and  thus  form  a  new  set  of  less  com- 
plicated bodies.  But  any  attempt  to  explain  the  manner 
in  which  these  changes  take  place  would  be  exceedingly  im- 
perfect indeed ;  not  only  because  we  are  ignorant  of  the 
strength  of  the  affinities  of  the  difierent  elementary  parts  of 
animal  bodies  for  each  other,  but  because  we  do  not  evep 
know  the  ma^er  in  which  the^e  elements  are  combined, 

•  Fourcroy. 
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Book  V.  ^  and  dAsequendy  we  cannot  know  by  what  particular  fbroei 
th^  compounds  are  destroyed. 
Patri(k&-         In  carcases  buHed  in  tha  earth,  putri&cdon  takes  place 
^^^JS^  much  more  slowly;  but  it  is  scarcely  posiuble  to  observe  iti 
progress  with  accuracy.     The  abdomen  is  gradually  dilated 
with  elastic  fluids,  which  make  their  appearance  in  it^  and 
at  last  it  bursts  and  discharges  a  horribly  fetid  and  noxious 
gas ;  at  the  same  time  a  dark  coloured  liquid  flows  oat 
If  the  earth  be  very  dry,  l^ld  the  heat  considerable,  the 
moisture  is  often  absorbed  so  rapidly,  that  the  carcase  in* 
stead  of  putrifying,  dries,  and  is  transformed  into  what  is 
called  a  mummy. 
PooifM-         Such  are  the  phenomena  wheii  dead  bodies  are  left  to 
WDoUted  putrify  separately :  but  when  great  numbers  of  carcases  are 
■Dimai.      crowded  together  in  one  place,  and  are  so  abundant  as  to 
*'*'^*       exclude  the  action  of  external  air  and  other  foreign  agents, 
their  decomposition  is  entirely  the  consequence  of  the  r^ 
ciprocal  action  of  their  ingredients  themsel^^es  upon  each 
oUier,  and  the  result  is  yery  diflerent.    The  body  is  not 
entirely  dissipated  or  reduced  to  mould,  but  all  the  soft 
parts  are  found  diminished  remaikably  in  size,  and  con- 
verted into  a  peculiar  saponaceous  matter.    This  singular 
change  was  first  accurately  observed  in  the  year  1786. 
ConTerted       The  burial  ground  of  the  Innocents  in  Paris  having  be- 
JJJJ^^**"  come  noxious  to  those  who  lived  in  its  neighbourhood,  on 
nuiticr.       account  of  the  disagreeable  and  hurtful  odour  which  it  ex* 
haled,  it  was  found  necessary  to  remove  the  carcases  to 
another  place.     It  had  been  usual  to  dig  ver}*  large  pits  in 
that  burial  ground,  and  to  fill  them  with  Uie  carcases  of 
the  poorer  sort  of  people,  each  in  its  proper  bier ;  and 
when  they  were  quite  full,  to  cover  them  with  about  a  foot 
deep  of  earth,  and  to  dig  another  similar  pit,  and  fill  it  in 
the  same  manner.     Each  pit  held  between  1000  and  1500 
dead  bodies.     It  wns  in  removing  the  bodies  from  these 
pits  that  this  saponaceous  substance  was  found.     The  grave- 
diggers  had  ascertained,  by  long  experience,  that  about 
thirty  years  were  required  before  all  the  bodies  had  under- 
gone this  change  in  its  full  exent.*     Every  part  of  the 

*  Fourcroy,  Ann.  de  Chim.  y.  154. 
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body  acquired  the  properties  of  this  imbstano^.    1P1i«iii-  5^*^^ 
testines  and  viscera  of  the  thorax  liad  completely  diftip- 
peared ;  but  what  is  singular  enough,  die  brain  bad  lost 
but  little  of  its  size  or  appearance,  though  it  was  also  con- 
verted into  the  same  substance. 

This  saponaceous  matter  was  of  a  white  colour,  soft  and  l/*  piop 
unctuous  to  the  touch,  and  melted,  when  heated,  like  tal-^*** 
low.  It  exhibited  all  the  properties  of  a  soapy  containing, 
however,  an  excess  of  fatty  matter.  Fourcroy,  who 
analysed  it,  found  that  it  was  composed  of  a  fatty  matter 
combined  with  ammonia,  and  that  it  contained  also  some 
phosphate  of  lime  and  ammonia.  Diluted  acids  decom- 
posed it,  and  separated  the  fatty  matter :  alkalies  and  lime^ 
on  the  other  hand,  drove  off  the  ammonia.  When  ex* 
posed  to  the  air  it  gradually  lost  its  white  colour ;  the  anw 
monia,  in  a  great  measure,  evaporated;  and  what  re« 
mained  had  something  of  the  appearance  of  wax.  It  ab- 
sorbed water  with  great  avidity,  and  did  not  part  with  it 
readily.  Its  white  colour  was  owing  to  the  presence  of  that 
liquid.  The  oily  matter,  when  separated  by  means  of  a 
diluted  acid,  was  concrete,  and  of  a  white  colour,  owing  to 
the  mixture  of  a  quantity  of  water.  When  dried,  it  ac- 
quires a  greyish-brown  colour,  a  lamellar  and  crystalline 
texture,  like  that  of  spermaceti ;  but  if  it  has  been  rapidly 
dried,  it  assumes  the  appearance  of  wax  *  It  melts  when 
heated  to  126^;  when  prop^ly  purified,  by  passing  it 
through  a  linen  cloth  while  fluid,  it  has  scarcely  any  smelL 
Alcohol  does  not  act  upon  it  while  cold,  but  at  the  tem* 
perature  of  120^  it  dissolves  it :  when  the  solution  cools,  the 
fatty  matter  precipitates,  and  forms  a  gritty  mass.  With 
alkalies  it  forms  a  so^ ;  and  when  set  on  fire  it  bums  pre- 
cisely like  oil  or  iat,  only  that  it  exhales  a  more  unpleasant 
pdour.f 

Dr.  Smith  Gibbes  found  the  same  substance  in  the  pit 

*  Chevreul  has  shown  that  it  is  a  compound  of  two  substances,  ont 
^ving  nearly  the  prr)perties  of  margaric  acid,  the  other  of  fluid  (at. 
Add.  de  Chim.  xcv.  US 

f  Fourcroy,  Aon.  deChim.  viii.  17.  A  set  of  experiments  od  a  simi- 
lar substance  have  been  published  by  Dr.  £imke.  See  Gehieu's  Jour.  iv. 
439. 
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Book  V.    into,ivtiilft  animal  matters  are  thrown  at  Oxford  aifter  dis- 

^"""V^  sectioD.    A  small  stream  of  water  constandy  passes  through 

this  pit ;  a  circumstance  which  induced  him  to  try  whether 

animal  mfisde  exposed  to  the  action  of  a  running  stresm 

underwent  the  same  change.    The  experiment  succeeded 

completely :  he  attempted^  in  c<msequence,  to  render  this 

substance,  to  which  he  gave  the  name  of  spermaceiij  usefiil 

in  those  manufactures  which  require  tallow;  but  the  fetid 

odour  which  it  constantly  exhales  was  an  unsurmonntable 

objection.*    Attempts  were  indeed  made  to  get  over  it; 

and  a  manufiicture  of  Dr.  Smith  Gibbes's  spermaceti  was 

even  established  near  Bristol. 

Snbitaiieet      Many  attempts  have  been  made  to  retard  the  destructive 

CBRi^piiai-  P^S^^^  ^^  putrifaction,  in  order  to  preserve  animal  bodies 

CMKkMk       either  as  food  or  for  other  useful  purposes;  and  several 

methods  Jiave  been   ascertained  which  prevent  it   from 

operating  for  a  considerable  time. 

1.  The  freezing  temperature  is  a  complete  preservative 
from  putrifaction,  as  long  as  the  animal  substance  is  ex- 
posed to  it.  Hence  the  common  practice  <^  keeping  mett 
in  snow  in  the  frozen  climates  of  the  north ;  and  of  packing 
fish  in  ice,  and  sending  them  in  that  state  from  Scotland 
to  the  London  market. 

2.  Almost  all  bodies  which  h|ive  a  strong  affinity  for 
water  retard  putrifaction  for  a  longer  or  sliorter  time^ 
doubtless  by  depriving  the  animal  substances  of  their  water, 
or  preventing  that  liquid  from  acting  upon  these  bodies  in 
its  usual  manner.  In  this  way  the  acids,  sugar,  alcohol, 
&c.  seem  to  prevent  or  retard  putrifaction. 

3.  It  is  well  known  that  common  salt  is  a  powerful  anti- 
septic. Hence  the  practice  of  salting  meat,  and  the  length 
of  time  which  meat  that  has  undergone  diis  operation  may 
be  kept.  Several  other  salts,  especially  nitre,  possess  the 
same  property.  In  what  manner  these  bodies  act  has  not 
bciMi  ascertained;  but  they  undoubtedly  produce  some 
chemical  change  upon  the  meat;  for  they  alter  its  taste,  its 
colour,  and  other  sensible  properties. 

4.  Many  aromatics,    such  as  camphor,   resins,  volatile 

«  Phil.  Trans.  1794,  1795. 
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oit^  bitumens,  tsni  6^fier  simiiar  •ftodies^  ad  witi^M)si''  cup^iv. 

doable  efficacy  in  preseriijjfg  animaP  bodies  from  pMri-  • ' 

fe^tion.  Heiice  tbeir  utility  in  embahntDg.  In  what  the 
action  of  these  substances  e^nsiits  has  not  been  Ascertained* 
Pare  of  dieir  efficacy  is  doubtless  owing  to  the  rapidity  with 
which  the  animal  substances  to  which  they  are  applied  loM 
their  moisture ;  and  something  may  be  ascribed  likewise  to 
their  odour,  which  keeps  insects  at  a^distance^  and  thus 
I^^yents  the  fedging  of  excrementitious  matter,  which 
always  acts  plowerfully  as  a  putrifactive  ferment 
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PARAGRAPHS  OMITTED. 

The  two  following  paragraphs  have  been  omitted  by 

mistake. 

1.  Olass  of  Antimony. 

{Should  have  tome  in  Vol.  L  p.  532.) 

The  protoxide  of  antimdny  has  the  property  of  dissolving  gIms  of 
different  proportions  of  sulphuret  when  in  a  state  of  fusion,  ^^imooy. 
The  resulting  compound  is  a  s^nitransparent  substance  of 
a  brownish-red  colour,  dlfiering  considerably  in  its  appear- 
ance according  to  the  pr^ortfon  of  its  ingredients.  When 
it  is  composed  of  about  eight  parts  of  oxide  and  one  part 
of  sulphuret,  it  has  a  red  colour,  and  is  semitransparent. 
It  is  then  called  glass  of  antimony.  When  it  contains  eight 
parts  oxide  and  two  sulphuret,  it  is  opaque,  and  of  a  red 
colour  inclining  to  yellow.  This  is  the  crocus  metaltonim  of 
apothecaries.  Eight  parts  of  oxide  and  four  of  sulphuret 
form  an  opaque  mass  of  a  dark-red  colour.  This  is  the  liver 
of  antimony  of  apothecaries.* 

When  sulphur  is  heated  with  either  of  the  oxides,  it  re- 
duces them  to  the  metaUic  state,  if  sufficient  in  quantity ; 
if  too  small  for  that,  it  deoxidizes  a  portion,  combines  with 
it,  and  the  sulphuret  formed  unites  with  the  remaining 
oxide,  always  converted  to  a  protoxide.  Hence  the  reason 
that  these  different  compounds  may  be  formed  by  a  great 

•  Prousty  Jour,  de  Phys.  Iv.  S34. 
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Book  IIL  variety  if  processes.  The  glass  of  antimony  is  usually  pre- 
pared by  exposing  sulphuret  of  antimony  in  powder  to  a 
gende  heat  for  a  considerable  time  in  an  open  vessel.  By 
this  process,  which  is  called  roasting^  the  grteter  part  of  the 
sulphur  is  driven  off,  and  the  metal  is  reduced  to  a  protox- 
ide. In  this  state  it  is  put  into  a  crucible,  and  lueJted  by  a 
sudden  heat  into  glass.  If  the  roasting  has  been  carried  so 
far  as  to  drive  off  the  whole  of  the  sulphur,  only  dark-co- 
loured scorifie  are  obtained ;  but  on  the  addition  of  a  Mule 
sulphur  or  sulphuret  of  antimony,  the  glass  may  be  eauly 
formed.*  The  glass  sold  by  apothecaries  is  seldom  or  never 
pure,  containing  almost  always,  as  Vauquelin  has  demon- 
strated, about  0*09 1  parts  of  silica ;  derived  undoubtedly 
from  the  crucibles  in  which  the  oxidized  sulphuret  is  iused ; 
for  these  crucibles  contain  a  very  great  proportion  of  silice- 
ous earth. 

The  peroxide  of  antimony  is  incapable  of  dissolving  any 
sulphuret.    Of  course  it  does  not  tbrm  a  glass. 

S.  Black  Ore  of  Antimony.^ 

{Should  have  come  in  VoL  IIL  p.  535.) 

This  ore  is  found  in  CorAwall.  Colour  iron-black. 
Crystallized  in  four-sided  rectangular  tables,  truncated  on 
the  edges.  Planes  of  the  crystals  smooth.  Internal  lustre 
shining,  metallic.  Fracture  small  conchoidal.  Fragments 
indeterminate.    Soft.     Rather  sectile.     Heavy. 

•  Bci^gman,  iii.  166.  +  Ann.  de  Chim.  xxxiv.  1S9. 

\  Jameson,  ii.  4S5. 
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ores  analysis  of,  iii.  608 
oxalate,  ii.670 
oxides  of,  i.  531 
red  ore  of,  iii.  536 
succinate,  ii.  670 
tartrate,  ii.  670 
white  ore  of,  iii.  535 

Ants,  acid  of,  ii.  182 
oil  of,  iv.  440 

Apatite,  iii.  400 

Aphrite,  iii.  384 

Aplome,  iii^292 

Apophyilite,  iii.  821 


I  Aqua  fdrtfa,%.  74 
Aqueous  humour  of  the  eye,  iv. 

529 
Aquila  alba,  i.  466 

mitigata,  ibid. 
Arbor  Diame,  i.  477 
Arcanum  duplicatum,  ii.  423 

iartari,  ii.  429 
Archil,  iv.  286 
Arctizlte,  iii.  337 
Arendate,  iii.  280 
Argentine,  iii.  384 

flowers  of  antimoajt 
i.  533 
Argentum  vivum,  i.  459 
Argil,  i.  361 
Argillite,  iii.  848 
Arnica  montana,  iv.  252 
Arragonite,  iii.  390 
Arseniatcs,  ii.  114 
Arsenic,  i.  293 

acid,  i.  296,  and  11.115 
alloys,  i.  388,  395,  421, 
429,  439,  449,  471, 
488,  505,  536, 547 

Arsenic  bloom,  iii.  411 
butter,  i.  298 
chloride  of,  i.  297 
hydrosulphuret,  ii.  G68 
iodide  of,  i.  298 
native,  iii.  537 
native  oxide,  iii.  540 
ores,  iiu  537  and  609 
oxides  of,  L  295 
phosphuret  of,  i.  300 
sulphuret  of,  L  301 
white,  i.  293 

Arsenical  hydrogen,  i.  299 

neutral  salt  of  Macquer, 

ii.426 
pyrites,  iii.  538 

Arsenious  acid,  i.  295,  and  iL  IIB 

Arsenites,  ii.  115 

Asafoetida,  iv.  168 

Asbestus,  iii.  365 

Asparagin,  iv.  70 

Asparagus,  iv.  244 

stone,  iii.  401 

Asphalt,  ii.  386 

Assimilation,  iv.  638 

Atmosphere,  iii.  168 


Atmosphere,  as  f6od  of  plants,  it. 

S18 
eompoaition  of,  iii. 

169 
stones  from^  iii.  194 
unknown  bodies  in, 
iU.  191 
Atomic  theory,  account  of«  iiu  18 
Atropa  belladonna,  iv.  245 
Attraction  explained,  iii.  2 
Aubier,  iv.S14 
Augite,  iii.S75 
Auriferous  silver,  iii.  445 
Auripigmentum,  iii.  539 
Aurum  graphicum,  iii.  439 


musivum,    musicum, 


or 


mosaicum,  i.  438 

Jwradoxicum,  iii.  439 
ite,  iii.  260 

Axestone,  iii.  362 

Axinite,  iii.  283 

Aiote,  i.  207 

dilortde  of,  i.  215 
deutoxide  of,  i.  211 ;  ii.  8 
iodide  of,  i.  218 
oxides  of,  ii.  3 
protoxide  of,  i.  212 ;  ii.  8 
given  out  by  planto,  iv.  350 

Asotic  gas,  i.  207 

Azotites,  ii.  7 

Azure  de  cuivre,  iii.  460 

Azurite,  iii.  326 

B 

Balass  ruby,  iii.  261 
Balm  of  Gilead,  iv.  154 
Balsam  of  Canada,  iv.  135 

of  Copaiva,  iv.  155 

of  Peru,  iv.  157 

of  sulphur,  ii.  357 

of  Toiu,  iv.  157 
Balsams,  iv.  154 

liquid,  ibid, 
solid,  iv.  160 
Baltic,  iii.  211 
Balneum  regale,  i.  538 
Barilla,  i.  326 
Barium,  i.  389 

chloride  of,  i.  344  I 

iodide  of,  i.  346 

oaudes  of,  L  342 


Bark,iT.23t 

Barley,  iv.  261 

Barm,  iv.478 

Baroselenite,  iii.  415 

Barote,  i.  340 

Barras,  iv.  135 

Barytesy  i.  339,  and  ii.  5$ 
salts  of,  ii.  472 
acetate  of,  iv.  479 
antimoniate,  iL  479 
antimonite,  ibid* 
aiseniate,  ii.  477 
arsenite,  iL  478 
benzoate,  ii.  479 
boletate,  ii.  480 
borate,  ii.  474 
camphorete,  ii.  480 
carbonate,  ii.  473 
chromate,  iL  478 
citrate,  ii.  481 
fluate,  ii.  268 
formate,  ii.  482 
ffallate,  ibid, 
hydrates  of,  ii.  S5 
hydrosuJjphureC,  ii,  679 
hypophosphite,  ii.  476 
lactate,  ii.  48i2 
malate,  ibid, 
mellate,  iL  481 
muriate,  i.  344 
nitrate,  ii.  472 
oxalate,  ii.  480 
phosphate,  ii.  474 
phosphite,  ii.  475 
saclactate,  iL  482 
silicate,  ii.  474 
soap  of,  ii.  695 
sorbate,  ii.  482 
suberate,  ii.  480 
succinate,  ibid, 
sulphate,  ii.  476 
sulphite,  ii.  477 
tannate,  it.  483 
tartrate,  ii.  481 
tungstate,  ii.  478 
urate,  ii.  482 
water,  ii.  55 
zumate,  ii.  482 
Basalt,  iii.  379 

Basaltine,  octahedral^  iiL  376 
Basanos,  iiL  302 
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BdelUum,  iv.  173 

Bean,  i?,  267 

Bee,  venom  of,  iv.  544 

Beer,  iv.  372 

Bell  metal,  i.  453 

Benzoates,  ii.  138 

Benzoic  acid,  ii.  136 

plants    containing, 

iv.  7 
in  animals,  iv.  446 
Benzoin,  iv.  160 

flowers  of,  ii*.  136 
Bergmannite,  iii.  338 
Bergman's  doctrine  of  aflSnity,  iii. 

11 
Berthollet's  doctrine  of  afiinity,  iii. 

12 
Beryl,  iii.  274 

shorlous,  iii.  270 
Bezoardic  acid,  ii.  173 
Bezoars,  iv.  574« 
Bihydroguret  of  carbon,  i.  242 

of  phosphorus,  i.  274 
Bildstein,  iii.361 
BUe,  iv.  518 

of  fishes,  iv.  521 
fowls,  ibid, 
human,  iv.  522 
the  sow,  iv.  521 
use  of,  iv.  609 
Biliary  calculi,  iv.  576 
Birdlime,  iv.  124 
Bismuth,  i.  465 

aUoysof,!.  441,472,491, 

505,  512,  537,  548 
salts,  ii.627 
acetate  of,  ii.  630 
arseniate,  ii.  629 
benzoate,  ii.  630 
borate,  ii.  628 
butter,  i.  457 
carbonate,  ii.  628 
chloride,  i.  457 
cupreous  sulphuret,  iii. 

520 
iodide,  i.  458 
magistery,  ii.  628 
molybdate,  ii.  630 
muriate,  ii.  247 
native,  iii.  518 
needle  ote  of,  3,  519 
nitrate^  ii.  627 
ochre,-iii.  f20 
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Bismuth,  ores,  iii.  518 
oxalate,  ii.  630 
oxides  of,  i.  456 
phosphate,  ii.  628 
.  rheumate,  ii.  631 
succinate,  ii.  630 
sulphate,  ii.  629 
sulpliite  of,  ii.  629 
sulphuret,  iii.  519 
tartrate,  ii.  631 
Bitter  principles,  iv.  52 

artificial,  iv.58 
Bittern,  i.  354 
Bitter  spar,  iii.  394 
Bitumens,  ii.  383,  and  iii.  427 

proper,  ii.  385 
Bituminous  oils,  ii.  384 

marl  slate,  iii.  399 
Black  cobalt  ore,  iii.  501 
copper  ore,  ii.  456 
jack,  iii.  513 
lead,  i.231 
lead  ore,  iii.  526 
ore  of  antimony,  iv.652 
ore  of  manganese,  iii.  489 
ore  of  telluriumf  iii*  440 
poplar  resin,  iv.  140 
Blende,  iii.  513 
Blight,  iv.  304 
Blisters,  liquor  of,  iv.  598 
Blood,  iv.  497 

colouring  matter  of,  iv.  421 
effect  of  different  gases  on, 

iv.626 
how  altered  by  respiration, 

iv.  625 
uses  of,  iv.  638 
diseased,  iv.  502 
of  the  foetus,  iv.  502 
Blowpipe,  iii.  250 
Blue  carbonate  of  copper,  iih  460 
calx  of  copper,  iii.  460 
iron  earth,  iii.  482 
lead  ore,  liL  522 
flowers,  iv.  247 
spar,  iii.  328 

vesuvian  limestone,  iiL  889 
Bog-iron  ore,-  iii.  478    *. 
Bouing  explained,  L  95 
Bole,  liL  358 
Boletic  acid,  ii.  147 
Boletus  igniarius,  iv.  994 
laricii^  ur«2S& 
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Boletus  peeudo  ignkrius,  iv.  295 

viscidus,  ibid. 
BoneSy  iv.  458 

fiMul,  iv.  459 
Boracic  acid,  L  245,  and  ii.  90 

composition  of,  L  246 
Boracitey  iii.417 
BortfXy  ii.  441,  and  iii.  423 
BoroD,  i.  244 

chloride  of,  i.  248 
Botany  Bay  resin,  it.  138 
Botryolite,  iii.  409 
Boumonite,  iii.  523 
Boyle,  fuming  liquor   of,  iL  31, 

677 
Brain,  iv.  482 
Brandy,  ii.  306 
Bram,  i.  450  ^ 
Brazil  wood,  iv.  229 
Brewing,  iv.  376 
Brimstone,  i.  277 
Brionia  alba,  iv.  220 
Brittle  silver  ore,  iii.  447 
Bronze,  i.  452 
Bronzite,  ilL  374 
Brown  cobalt  ochre,  iii.  502 
iron  oru,  iii.  476 
lead  ore,  iii.  528 
ore  of  tatunium,  iii.  512 
spar,  iii.  397 
Bufiy  coat  of  blood,  iv.  502 
Bulbs,  iv.  277 
Buntkupfererz,  iii.  454 
Butter,  iv.  504 

of  bismuth,  i.  457 

of  wax,  iv.  113 


Cadmia,  i.  414 

Caffein,  iv.  66 

Calaguala,  iv.  220 

Calamine,  iii.  516 

Calcareous  acid,  ii.  85 
spar,  iii.  387 

Calcedony,  iii.  303 

Calcliantum,  ii.  530 

Calcium,' i.  334 

chloride  of,  i.  337 
iodide  of,  i.  339 

Calcsinter,  iii.  388 

Calctuff,  ibid. 

Calculi,  biliary,  iv.576 


Calculi,  urinary^  hr.  579 
arranged,  it.  585 
solvents  for,  iv.  590 
of  inferior  anhnals,  iv.  591 

Calomel,  u  465 

Caloric,  i.  27 

decomposes  bodies,  i.  lOi 
effecto  of,  i.  63 

escape  from  surfaces,  i.  35 

how  conducted,  i.  48 

latent,  L  88 

motion  of^  i.  34 

nature  of^u97 

of  evaporation,  L  101 

of  fluidity,  i.  94 

quantity  m  bodies,  L  105, 
115 

radiation  of,  i.  36 

sources  of,  i.  129 

q>ecific,  L  106 

table  of  L  111 
Calorimeter,  L  109 
Camphor,  iv.  115 

artificial,  iv.  121 
on  of,  4.  119 
Camphorated  u.  146 
Camphoric  add,  ii.  145 
Cancer,  matter  of,  iv.  597 
Cannon  metal,  i.  453 
Cantharidin,  iv.  436 
Caseic  add,  iv.  508 
Caoutchouc,  iv.  174 

mineral,  ii.  388,  and 
III.  427 
Capadty  for  heat,  L  107 
Caranna,  iv.  173 
Carbon,  i.  229 

absorption  of  gases  br  i. 

combustion  of,  i.  234 
oxide  of,  i.  235 
phosphuret  oU  i.  276 
sulphuret  of,  i.  288 
Carbonates,  ii.  88 
Carbonic  add,  i.  234,  and  ii.  84 

in  the  atmo^here, 

iii.  189 
in  animals,  iv.  446 
absorbed  by  plants, 

iv.  350 
emitted  by  plants, 
iv.855 
wide^  L  885,  and  ii.  2S 
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Carburet  of  maQganese*  L  405 

Carbureted  hydrogen  gas,  i.  242 

Carica  papaya,  it.  105 

Cameliaoy  iiL  S04 

Carome],  iv.  22 

Carrying  power,  what,  i.  51 

Cartnamus,  iv.  249 

Cartilage,  iv.  456 

Caseic  acid,  iv.  508 

Cassava,  iv.  85 

Cassius,  precipitate  of,  ii.  254 

Cast  iron,  i.  374> 

Castor,  iv.  344 

Cat's  eye,  iii.  298 

Catechu,  ii.  202 

extractive  of,  iv.  64 
Caustic,  i.  318 
Cautery,  potential,  ibid. 
Celestine,  iii.  414 
Cementation,  i.  380 
Cerasin,  iv.  71 
Cerate,  iv.  Ill 
Cerin,  iv.  110,  111 
Cerite,  iii.  494 
Cerium,  i.  406 

salts  of,  ii*  559,  and  iii. 

494 
acetate,  ii.  561 
arseniate,  ibid, 
benzoate,  ibid, 
carbonate,  ii.  560 
citrate,  ii.  562 
molybdate,  ii.  561 
nitrate,  ii.  559 
oxalate,  iL  562 
phosphate,  ii.  560 
succmate,  ii.  562 
sulphate,  ii.  560 
sulphite,  ii.  561 
tartrate,  ii.  562 
ores  of,  iii«  493 
Cerumen  of  the  ear,  iv.  523 
Ceruse,  ii.  581 
Cetic  acid,  iL  382 
Ceylanite,  iii.  259 
Chabasite,  iiL  323 
Chalcolite,  iv.  492 
Chalk,  iii.  385,  567 
black,  iiL  347 
silvery,  iiL  384 
stones,  iv.  593 
Chaicoal,  L  229 

1,  ui.  4SS 


Charcoal,  gas  from,  i.  245 

action  on  gum,  iv.  39 
proportion  yielded  by 
different  trees,  iv.  185 
Chemistry,  definition  of,  L  2 
origin  of,  i.  3 
as  a  science,  L  9 
object,  i.  11 
Cheese,  iv.  50^8 
Chert,  iu.  300 
Chiastolite,  iiL  331  « 

Chlorates,  ii.  219 
Chloric  acid,  L  190,  and  ii.  218 
Chloride,  L  186 

of  azote,  i.  215 
sulphur,  i.  285 
manganese,  i.  404 
zinc,  i.  418 
lead,  i.  428 , 
tin,  i.  435 
copper,  i.  446 
bismuth,  i.  457 
mercuipr,  i.  463 
silver,  i.  476 
platinum,  L  501 
antimony,  i.  534 
Chlorides,  table  of,  i.  523 
Chlorine,  i.  184 

protoxide  of,  L  187 
deutoxide  of,  i.  189 
compound  of,  iL  217 
Chloriodic  acid,  L  198 
Chlorite,  iii.  352 
Chlorocarbonic  acid,  i.  238 
Chlorocyanic  acid,  ii.  276 
Chloruret  of  iodine,  i.  199 
Chromic  acid,  i.  541,  and  ii.  118 
Chromium,  L  539 

ores  o(  iii.  613 
".Chyle,  iv.495 
Chrysoberyl,  iii.  268 
Chyrysocolla,  ii.  442 
Chrysolite,  iii.  378 
Chrysophrase,  iii.  304 
Chyme,  iv.  600 
Cimolite,  iii.  356 
Cinchona,  iv.  233 
Cinnabar,  i.  469 

native,  iiL  442 
Cinnamon,  iv.  240 

stone,  ill.  294 
Cistic  oxde,  iv.  584 
Citric  acd,  ii.  163 
2\j2 
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Citric  addi  plants  containing,  !▼.  5 
ronned  from  gum,  iv. 
40 
Civet,  iv.  444 
Clay,  ill.  841 

comnion,  iii.  342 
iroD-8tone,  iii.  476,  4>80 
pottere,  iii.  343 
slate,  iii.  343,  348,  550 
stone,  iii.  344 
Clink-stone,  iii.  380 
Clob-moss,  iv.  274> 
Clytsus,  ii.  415 
Coal,  ii.  389 

brown,  ii.  S90t  and  iii.  428 
black,  ii,  390,  and  iii.  429 
glance,    ii.    391,    and   iii. 

432 
cannel,  iii.  430 
earth,  iii.  428 
Kilkenny,  iii.  432 
moor,  iii.  429 
slate,  iii.  430 
Cobalt,  i.  396 

alloys  of^  i.  422,  430, 441, 

489, 547 
salto  of,  ii.  547 
acetate,  ii.  550 
ammonionitrate,  ii.  551 
antimoniate,  ii.  550 
antimonite,  ibid, 
arseniate,  ibid, 
borate,  ii.  548 
carbonate,  ibid, 
chloride,  i.  399 
fluate,  ii.  270 
muriate,  ii.  244f 
nitrate,  ii.  548 
ores,  iii.  498,  610 
oxalate,  ii.  551 
oxides  of,  i.  398 
phosphate,  ii.  548 
phosphuret,  i.  399 
pyrites,  iii.  501 
soap,  ii.  696 
sulphate,  ii.  549,  and  iii. 

502 
sulphuret,  i.  399 
tartrate  of,  ii.  551 
zumate,  ibid. 
Cobalt  ore,  black,  iii.  501 
brown,  iii.  502 
glance,  iii.  500 


Cobalt  ore,  gtej^  iii.  499 
red,  iii.  502 
white,  iii.  499 
yellow,  iiL  501 

Cobalus,  i.  396 

Coccolitc,  ill.  376 

Cochenilin,  iv.  496 

Coco,  iv.  272 

Coffee,  iv.  270 

Cohesion,  iii.  112 

Coin,  gold,  i*  404 
silver,  i.  480 

Colcothar  of  vitriol,  iu  551 

Cold,  i.  123 

Collyrite,  iu.  356 

Colour,  ifi.  241 

Colouring  matters  of  plants,  iv.49 

Columbic  .acid,  ii.  122 

Columbite,  iii.  497 

Columbium,  i.  555 

Combination,  iii.  140 

Combiaations  by  heat,  iii.  42 

spontaneous,  iii.  41 

Combustibles,  iii.  424 

^cidiBabh,  I  221 
ample,  u  220 
compound,  ii.  304 
ana&jMS  of,  iii.  594 

Combustion,  i.  135 

opinions  relati?e  to, 

i.  134 
Benelius'  theory  of, 

1.165 
Lavoisier's  theory  of, 

i.  138 
explanation  of,  i.  US 
Compounds,  ii.  1 

primary,  ii*  2 
secondary,  ii.  392 
Concretions,  morbid,  iv.  571 
Conductors  of  caloric,  i.  48 

of  electricity,  i.  163, 
170 
Contagion,  iii.  193 
Cooling,  i.  58 

Cooling  powers  of  gases,  i.  57 
Copaiva,  iv.  155 
Copal,  iv.  141 
Copper,  i.  442 

acetate  of,  ii.  617 
alloys  of,  i.  449,473,492, 

506,  51£,  537, 548 
idtaof,.iLeOS 
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Copper,  ammonio-oxalateft  iL  6S2 
ammoaio-aujphatey  ii.  61 1 
anhydrous  carbonate,  iii. 

459 
antimoniate,  ii*  616 
antimonite,  iL  617 
arseniate^  ii*  613,  and  ilL 

463    \ 
arsenite,  ii.  616 
azure,  iii.  460 
benzoate,  ii.  619 
borate,  iu  606 
carbosilicate,  iii«  463 
carbonate,  ii.  605 
citrate,  ii.  625 
chlorides,  i.  446 
chromate.  ii.  617 
emerald^  iii.  462 
fluate,  ii.  271 
formate,  ii.  625 
glance,  iii,  454 
iodide,  i.  447 
lactate,  iL  626 
martial  arson  iate,  iii«  465 
mellate,  ii.  624 
mica,  iii.  463 
molybdate,  ii.  617 
muriated,  iii.  465 
native,  iii.  453 
nickel,  iii.  503 
nitrate,  ii.  604 
nitrite,  ii.  605 
ores  of,  iii.  ^53 
ores,  analysis  of,  iii.  601 
oxalate,  ii.  619 
oxides,  i.  443 
phosphate,  ii.607taBd  liL 

466 
pyrites,  iii.  455 
rheumate,  iL  625 
saclactate,  ii.  626 
silicate,  ii.  606,  and  iii.  462 
soap,  iL  696 
soda  oxalate,  ii.  621 
suberate,  ii.  619 
succinate,  ibid, 
snlpbate,  ii.  608,  and  iii. 

466 
sulphite,  ii.  610 
sulphuret,  iiL  454 
.tartrate,  ii  624  .  r 

tinoedt  L  454 
■  .  tungttate,  ii.  617 


I  Copper,  white,  iv.  422 
I  zumate,  iL  626 

Copperas,  ii.  530 

blue,  IL  608 

Coral,  iT.  ^65 

Cordierite,  iiL  276 

Corivindum,  iiL  265 

Cork,  ii.  148 

rock,  iii.  365 

Corneous  mercury,  iii.  444 
silver  ore,  iii.  451 

Corrosive  sublimate,  i.  463 

Cortical  layers,  iv.  232 

Corundum,  iii.  265 

Cotton,  iv.  180 

Cotyledons,  iv.  306 

Couch,  iv.  373 

Cream,  iv.504 

Cross-stone,  ill.  324 

Croton  eleutheria,  iv.  238 

Cruor  of  blood,  iv.  500 

Crusts,  composition  of,  iv.  463 

Cryolite,  iii.  420 

Crystals,  iii.  117 

Crystallization,  iii.  116 

expansion   during 

1.80 
nature  of,  iii.  119 

Cube  ore,  iti.  482 
spar,  iii.  407 

Cubizite,  iii.  322 

Cupellation,  i.  427 

Cuprium,  i.  452 

Curd,  iv.  506 

Cutis,  iv.  476 

Cuttlefish,  bone  of,  iv.  462 

Cyanite,  iii.  572 

Cyanogen,  i.  238 

Cymophane,  iii.  268 

D 

Dalton,  Mr.  John,  atomic  theory 
of,  iiL  18 

Daomite,  iii.  278 

Daphuin,  iv.  58 

Date-tree,  pollen  of,  iv.  253 

Dathcfltte,  iii.  409 

Dead  Sea,  iii.  212 

Decomposition,  iii.  143 

tables  of,  iiL  144 
of  animal  bodicay 
iv.645 
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Decrepitation,  ii.  476 
Delphinite,  ui.  280 
Deoxidizing  raya,  i.  ^ 
Dephlogisticated  air,  i.  181 
Diailage,  iii  373 

rock,  tit.  561 
Diamond,  i.  232,  and  iii.  256 
Dichroite,  iii.  276 
Digestion,  iv.  599 
Diop9ide,  iii.  376 
Dioptase,  iii.  462 
DippePs  animal  oil,  it.  440 
Dipyre,  iii.  325 
Diathene,  iii.  372 
Distinct  concretions,  iii.  248 
Dolomite,  iii.  394 
Draco  mitigatus,  i.  466 
Dragon's  blood,  iv,  162 
Drawing  slate,  iii.  347 
Dropsy,  liquor  of,  iv.  597 
Ductility,  i.  315 

£ 

Eagle-stone,  iii.  477 
Earths,  ii.  46 

in  plants,  iv.  191 
whether  formed  in  plants, 

iv.  320 
as  the  food ofplants,iv.319 
alkaline,  ii.  46 
proper,  ii.  63 
m  animals,  iv.  449 
Earthv  smell,  i.  362 
Egg  shells,  iv.  464 

white  off  iv.  406 
Eggs,  iv.  513 
EiKenram,  iii.  474 
Ekebergite,  iii.  335 
Eiirin,  ii.  374 
Elaolite,  iii.  338 
Elecampane,  iv.  226 
Electricity,  i.  16^i,  166 

phenomena  of,  i.  166 
distribution  of,  i.  171 
as  a  source  of  heat,  i. 
163 
Electrum,  i.  497,  and  iii.  437 
Elements,  weight  of,  i.  309,  520, 

.562 
Elemi,  iv.  137 
Ettieraki,  iii.  274 

copper  ore,  iii.  462 
Emery,  iii.  266 


Efll€lNlf  VT.  9o 

Empyreal  air,  i.  181 

£mttkioo,iL966 

Enamel  of  the  teeth,  it.  458 

Epidermis  of  aiiiaiali»  nr.  476 

of  trees,  IT.  9d2 
Epidole,  iii.  98(X 
Epsom  salt,  iL  496 
Equilibriinn  of  caloric,  L  57 
Ether,  ii.  328 

aceUciLS49 
chloric,  L  940,  and  ii.  344 
formic,  iu  352 
hydriodic,  iL  348 
nunalic,  u.  S45 
nitric,  ii*  337 
sulphuric,  ii.  829 
composition,  iL  S38 
Ethiopa  mineralt  L  469 
martial,  L  368 
perse,  L461 
Euchlonne,  L 188 
Euclase,  iiL  5273 
Eudiometers,  iiL  175 
Euphorbiom,  iv.  172 
Eye,  humours  of.  It.  528  ^ 
Excrementitioua  matter,  it.  564 
Expansion,  i.  63 

exceptions  to  it,  i.  76 
Expectorated  matter,  iv.  527 
Extract,  iv.  61 

Goulards,  iL 591 
Extractive,  iv.  61 

species  of^  iv.  63 


Fahl  ore,  iii.  456 

Fat,  iv.  438 
Feathers,  iv.  491 
Feces,  iv.  564 

human,  iv.  565 
of  cattle,  iv.  568 
of  fowls,  iv.  569 
Fecula,  green,  contains  gluten,  iv. 

102 
Felspar,  iii.  332 

Labradore,  iiL  333 
compact,  iii.  334 
Fer  oligiste,  liL  472 
oxydul^,  iii.  471 
,  Fermentation,  iv.  370,  382 

acetpoB,  It.  393 
vinooat  rr.  372 
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TenocynhBteBf  u.  297 
Ferrocyanic  acid»  ii.  295 
Perrureted  chyazic  acid,  ibid. 
FettsteiD,  iii.  339 

Fibrin,  iv.  104,417 

Fibrolite,  iii.  280 

Figure-stone,  iii.  361 

Finery,  i.  375 

Fire-damp,  i.  245 

Fish-scales,  iv.  470 

Fixed,  what,  ii.  40 
air,  ii.  85 

Flake,  white,  L  457 

Flesh,  iv.  471 

Flint,  iii.  302 

Flint-sl^te,  iii.  301,  and  iii.  555 

Float-stone,  iii.  345 

Flowers,  iv.  247 

Fluates,  ii.  267 

Fluidity  produced  by  heat,  i.  83 

Fluids  conduct  caloric,  i.  53 

Fluoborate  of  ammonia,  ii.  272 

Fluoboric  acid,  i.  249,  and  ii.  271 

Fluor,  iii.  403 

Fluoric  acid,  i.202, 227,  and  ii.  260 

Fluorine,  i.  200 

Fluosilicates,  ii*  273 

Fluosilicic  acid,  i.  255,  and  ii.273 

Flux,  black,  iii.  418 
white,  ibid. 

Foliated  earth  of  tartar,  ii.  429 

crystallized,  ii.  450 
ore  of  tellurium,  iii.  444 

Food  of  plants,  iv.  314 
animals,  iv.  599 

Formations,  iii.  546 

alluvial,  iii.  572 
floetz,  iii.  562 
independent  coal,  iii. 

563 
new  Paris,  iii.  570 
primitive,  iii.  546 
transition,  iii.  558 
volcanic,  iii.  572 

Formiates,  ii.  184 

Formic  acid,  ii.  132 

Fracture,  iii.  247 

Franchipan,  iv.  51 1 

Frankincense,  iv.  135 

Freezing,  expansion  by,  L  80 
contraction  by,  i.  81 
mixturM,  L  126 
.    of  bodieSf  1*84 


Friction,  i.  155 
Frigorific  particles,  i.  123 
Fruits,  iv.  275 
Fuci,  iv.  299 
Fuller's  earth,  iii.  359 
Fulminating  powder,  ii.  417 
Functions  of  animals,  iv.  599 
Fungates,  iv.  290 
Fungic  acid,  iv.  289 
Funffin,  iv.  186 
Fustic,  iv.  230. 


Gadolinite,  i.  357,  and  iii.  495 

Gahnite,  iii.  260,  287 

Galbanum,  iv.  165 

Galena,  i.  429,  and  iii.  521 

Galipot,  iv.  135 

Gall-stone,  iv.  576 

Gallic  acid,  ii.  192 

plants  containing,  iv.  9 

Galvanism,  i.  172 

Gamboge,  iv.  170 

Garlic,  iv.  281 

Garnet,  iii.  299 

black,  iii.  289 
white,  iii.  284 

Gas,  what,  i.  181 

Gases,  iii.  20 

absorption  by  water,  iii.  56 
combination  of,  iii.  41 
ditto  with  liquids,  iii.  55 
ditto  with  solids,  iii.  90 
constitution  of,  iii.  21 
elasticity  of,  iiL  21, 26 
expansion  of,  i.  65 
mixture  of,  iii.  30 
in  the  intestines,  iv,  610 
respirable,  iv.  613 
specific  gravity  of,  iii.  25 
table  of,  iii.  24 
unrespirable,  iv.  613 
water  which  they  contab, 

iii.  27 
weight  of  their  atoms,  iii. 
25 

Gastric  juice,  iv.  603 

Gehleuite,  iii  329 

Gelatin,  iv.  398 

Gelberz,  iii.  349 

Gellert's  table  of  decompositioos, 
lu.  9 
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Geoffiroy's  table  of  affinity,  iiL  9 
Geognosy,  iii.  541 
GermiDaiioDy  iv«  306 
GiD,  ii.  306 
Glaciea  Marite,  iii.  350 
Glaoce  cobalt  ore,  iii.  500 
Glands,  iv.  481 
Glass,  U.  95 

expansion  of,  i.  73 
phosphoric,  ii.  99 
Glauberite,  iii.  408 
Glauber's  salt,  ii.  446 
Glucioa,  i.  359»  and  ii.  63 
salts  of,  ii.  507 
acetate,  ii.  510 
carbonate,  ii.  506 
chromate,  ii.  510 
chromo-sulphate,  ibid, 
hydrosulphuret,  ii.  680 
muriate,  li.  240 
nitrate,  ii.  508 
oxalate,  ii.  510 
phosphate,  ii.  508 
succinate,  ii.  510 
sulphate,  ii.  509 
Glucinum,  i.  359 
Glue,  iv.  404 
Gluten,  iv.  97 

fermented,  W.  99 
plants  containing  it,  iv. 
103 
Gneiss,  iii.  549 
Gold,  i.  482 

alloys,  i.  488, 508, 511, 538, 

549 
native,  iii.  436 
ores  of,  iii.  435 
ores,  analysis  of,  iii.  596 
oxides  of,  i.  484 
muriate,  ii.  252 
nitrate,  ii.  655 
fulminating,  ii.  33 
phosphuret,  i.  487 
sulphuret,  ibid, 
soap,  ii.  697 
Gorgon ia,  iv.  467 
Goulard's  extract,  ii.  591 
Gouty  concretions,  iv.  593 
Grainer,  iv.  478 
Grammatite,  iii.  371 
Granatite,  iii.  293 
Grunile,  iii.  548 
Grapes,  iv.  276 


Graphic  gold  ore,  iii. 
Graphite,  iiL  433     '- 
Graugiltigers,  iiL  4M 
Graywacka,  iiL  53Q  - 

slate,  ibUL. 
Greek  fire,  iL  387 
Green,  Schede^s,  n.  BiS 

colour  of  plants,  iv.  552 
earth,  iiL  353 
lead  ore,  iii.  528 
porphyry,  iiL  553 
resin,  iv.  l^l 
sand  of  Fern,  iii.  465 
stone,  iii.  553 
Grey  copper  ore,  iii.  456 
cobalt  ore,  iii.  499 
ore  of  antiDnony,  iii.  533 
ore  of  manganese,  iii.  488 
Grossularia,  iii.  ^8 
Guaiacum,  iv.  150 
Gum,  iv.  36 

arable,  iv.  44 
cherry  tree,  iv.  74 
Congo,  ibid, 
ffut,  iv.  170 
kuteera,  iv.  44 
resins,  iv.  163 
Senegal,  iv.  44 
tragacanth,  iv.  72 
West  Indian,  iv.  75 
Gun  metal,  i.  453 
Gunpowder,  ii.  416 
Gurhofite,  iii.  397 
Gypsum,  ii.  461 ,  and  iii.  404, 555 

H 

Hsmatites,  brown,  iii.  476 

red,  iii.  475 
Hair,  iv.  488 

Hairy  concretions,  iv.  575 
Hardness,  i.  3 1 4 
Harmotome,  iii.  324 
Hartshorn,  ii.  28 
Hauyne,  iii.  327 
Hazfe-tree,  pollen  of,  iv.  255 
Heat,  i.  27 

animal,  iv.  630 

during  combustion,  L  148 

escape  of,  from  sur&ces,  L 
35 

latent,  i.  93 

red,  L  24 
Heavy  inflammaUe  avy  L  242 
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Hedenbergite,  iii.  484 
Heliotrope,  iiu  305 
HeUebore,  iv.  219 
Hematin,  iv«51 
Hempseeds,  iv«  269 
Hepar  sulphuris,  it.  674 
Hepatic  gas,  i.  286 

concretions,  iv«  575 
mercurial  ore,  Mi*  443 
Ho-ang-lien,  iv«  221 
Hollow  spar,  iii.  331 
Honey,  iv.  434 

stone,  iii.  419 
Hops,  iv.  377 
Hornblende,  iii.  867 

basaltic,  iii.  368 
Labradore,  iii.  375 
slate,  iii.  368 
Horns,  iv.  468 

of  the  hart  and  buck,  iv.  469 
Hornsilver,  i.  476,  and  iii.  451 
Hornstone,  iii.  800 
Horsechesnut,  iv.  240 
Horseradish,  iv.  225 
Hospital  sore,  matter  of,  iv.  596 
Humours  of  the  eye,  iv.  528 
Hyacinth,  iii.  258    • 

blanche  cruciform,  liL 

324 
white,  iii.  340 
yields  mucus,  iv.  45 
Hyacinthine,  iii.  286 
Hyalite,  iii.  307 
Hydnum  repandum,  iv.  295 

hybridum,  ibid. 
Hydrargillite,  iii.  315 
Hydrargyrum,  i.  459 
Hydrates,  ii.  17,  393 
Hydriodates,  ii.  262 
Hydriodic  acid,  i.  226,  and  iL  262 
Hydrochloric  acid,  i.  226,  and  jL 

229 
Hydrocyanic  acid,  ii.  279 

plants  containing,  if  .7 
Hydrogen,  i.  222 

arsenical,  i.  299 
borureted,  i.  250 
combustion  of,  iiL  42 

gai»  i  222 
abeorbed  by  charcoal, 
i.  2S1 
Hydrogoret  of  carbon,  i.  289 

phosphorus^  i.  271 


Hydrogureted  sulpTinr,  ii.  674 

sulphurets,  ii.  680 
metallic,  ii.  683 
sulphuret  of  am* 

monia,  ii.  682 
sulphuret  of  pot- 
ash, ii.  44 
Hydrometer,  Clarke's,  ii.  319 
Hydrophosphoric  gas,  i.  274 
Hydrosiderum,  i.  384 
Hydrosulphurets,  ii.  673 

metallic,  ii.  6SS 
Hydrosulphuric  acid,   i.  286 ;  iw 

673 
Hydrothionic  acid,  iL  673 
Hyperstene,  iii.  375 
Hyponitrous  acid,  i.  215 

Hypophosphorous    acid,    i.  265, 
and  ii.  102 

Hyposulphurous  acid,  L  284,  ftiil 
iull2 


Jade,  iii.  362 
Jalap,  iv.222 
Jargon,  i.  363 
Jasper,  iii.  310 

agate,  iii.  312 
Egyptian,  iii.  310 
porcelain,  iii.  811 
Ice,  ii.  13 

expansion  of,  i.  80 

spar,  iii.  340. 
Icbthyoplithalmite,  iii.  321 
Idocrase,  iii.  286 
Jelly,  iv.  47 
Jet,  iii.  430 

Incombustibles,  dmple,  i.  208 
Indian  rubber,  iv.  174 
Indianite,  iii.  333^ 
Indigo,  iv.  86 
Indi^otera  tinctoria,  ibid. 
Inflammable  air,  i.  222 

heavy,  i.  242 
Ink,  ii.  208 

printers,  iLS66 

sympathetic,  ii..244 
Intestmal  concretions,  iv,  573 
Intestines,  gases  in,  iv.  610 
Inulin,  iv.  75 
lodates,  ii.  258 
Iodic  addjc  !•  .1^  vid  ii.  857 

union  with addii  11,257 
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Iodide,  i.  195 

ofasote,  i.218 
snlphiir,  i.  286 
sine,  i.  419 
kttd,  i.  428 
tin,  L  437 
copper,  L  447 
bismuth,  L  458 
mercury,  i.  468 
Biiver,  1.  478 
antimony,  i.  $S5 
Io£des,  table  of,  i.  524 
Iodine,  i.  193 

how  prepared,  i.  194 
properties  of,  ibid. 
Ipecacuan,  iv.  174,  221 
Iridium,  i.  516 

salts  of,  n.  664 
ores  of,  iii,  438 
Iron,!.  866 

affinities  of,  i.  388 
alloys,  i.  388, 395, 400, 422, 
430,  440,  449,  471,  488, 
505,  512,  536,  547,  558 
acetate,  ii,  535 
antimoniate,  ibid, 
arseniated,  ii.  534,  and  iii. 

482 
benzoate,  ii.  536 
boletate,  ii.  537 
borate,  ii.  528 
boruret,  i.  383 
carbonate,  iii.  479 
cast,  i.  374 
chlorides  of,  i.  372 
chromate,  iii.  483 
citrate,  ii.  538 
clay,  iii.  380 
cold,  short,  i.  383 
fluated,  ii.  27 
froth,  iii.  474 
gallate,  ii.  539 
glance,  iii.  472 
hydrate,  iii.  475 
hyilrosulphuret,  u.  688 
hyposulphite,  ii.  533 
iodide  of,  i.  373    . 
lactate,  ii.  538 
tnalate,  ibid, 
mellate,  ii.  537    • 
moJvbdate,  ii.  53$ 
muriated,  n;'281^ 
nafei^i  iii.  468 
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Iron    nitrate,  ii.  525 

ores  c£t  iii.  468 

ores,  analysis  of,  in.  602 

oxalated,  ii.  587 

oxides  of,  i.  568 

phosphated,  iiL  481 

phosphuret,  i.  383 

pyrites,  iii.  469 

rheumate,  ii.  538 

saclactate,  ibid. 

salts  of,  ii.  524     * 

sand,  iiL  471 

sOicate,  iii  484 

silicuret,  i.  383 

soap,  11.696 

subourburef ,  i.  383 

suberate,  ii.  537 

subsulphate,  iii.  487 

succinate,  ii.  536 

sdphated,  ii.  529 

sulphite,  iL532 

sulphurets,  i.  384 

tartrated,  ii.538 

tungstate,  u,  53S,  and  tii. 
486 

zomate,  u.  538 

flint,  iu.  300 
Isatis  tinctoria,  it.  245 
Iserine,  iii.  511 
Isinglass,  iv.  405 
Juice,  peculiar,  of  plants,  iv.  213, 

362 
Jupiter,  ii.  598 


Kali,  i.  318 
Kaolin,  iii.  342 
Kelp,  i.  326 
Kermes  mineral,  ii.  686 
Kidney  bean,  iv.  268 
Kidneys,  action  of,  iv.  632 
calculi  of,  iv.  589 
Kilkenny  coal,  iii.  432 
Kinate  of  lime,  ii.  169 
Kinates,  ibid. 
Kinic  acid,  ii.  168 
Kiffbkill,  iii.  358 

Kino  yields  a  species  oftannin,iv.9 
Klebshiefer,  iu.  344 
Klinkston^,  iii.  380 
Koumiss,  iv.  510 
Kupferlszur,  iii.  460 

mckelt  »^989,  and  ui.  503 
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Labdanum,  iv.  1S8 
LaCy  iv.  145 

sulphuris,  i.  284 
Laccic  acid,  ii.  177 
Lackers,  iv.  147 
Lactates,  ii.  187 
Lactic  acid,  ii.  185 
Ladanum,  iv.  138 
Lana  philosophica,  i.  418 
Lapis  mfernalis,  ii.  645 

nephriticus,  iii.  362 

lazuli,  iii.  325 

philosopborum,  i.  4 
Latent  heat  explaiDed,  i.  88 
Lazulite,  iii.  325,  326 
Lead,  i.  422 

alloys,  i.  429, 441 ,  452, 472, 
492,  506,  512,  537,  548 

salts  of,  ii.  576 

acetate,  iL  588 

antimonial  sulphuret  of,  iii. 
523 

antimoniate,  ii.  586 

antimonite,  ii.  587 

arseniate,  ii.586,  and  iii.532 

arseniophosphate,  iii.  529 

benzoate,  ii.  591 

borate,  ii.  582 

carbonate,  ii.581,andiii.525 

chloride,  i.  428 

citrate,  ii.  593 

chromate,  iii.  529 

fluate,  ii.  270 

gallate,  ii.  595 

iodide,  i.  428 

lactate,  ii.  594 

malate,  ibid. 

mellate,  ii.  593 

molybdate,  ii.  587,  and  iii. 
531 

muriate,  ii.  237 

inurio»carbonate,  iii.  527 

nitrate,  ii.576 

nitrite,  ii.  578 

nitrophosphate,  ii.  584 

ores,  iii.  521 

ore,  analj^isof,  iii.  604 

oxalate,  ri.  592 

oxides^  1.488 

phosphate,  -iL  fS%  and  iii 
588 
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Lead,  phosphite,  ii.  584 
red,  i.  426 
refining  of,  u  427 
sadactate,  ii.^594 
soap,  ii.  696 
soroate,  ii.  594 
suberate,  ii.  592 
succinate,  ibid, 
suear  of,  ii.  588 
sulphate,  ii.  584,  and  iii.  530 
sulphite,  ii.  586 
tannate,  ii.  596 
tartrate,  ii.  593 
tungstate,  ii.588 
vinegar  of,  ii.  591 
white,  i.  425,  and  ii.  581 
zumate,  ii.  595 
Leather,  iv.  477 
Leaves,  iv.  241 

functions  of,  iv.  342 
why  they  fall  off,  iv.  345 
the  digesting  organs  of 

plants,  iv.  363 
how  produced,  ibid, 
seminal,  iv.  313 
absorb  carbonic  acid,  iv. 

346 
absorb  water,  iv.  359 
emit  oxygen,  iv,  347 
Lemnian  earth,  iii.  359 
Lemons,  essential  salt  of,  ii.  537 
Lens,  crystalline,  iv.  530 
Lentiles,  iv.  268 
Lepidolite,  iii.  349 
Leucite,  iii.  284 
Leucolite,  iii.  270 
Libavius,  smoking  liquor  of,  i.  435 
Lichens,  iv.  284 
Lievrite,  iii.  484 
Ligaments,  iv.  481 
Light,  i.  12 

its  peculiarities,  i.  23 
sources  of,  i.  24 
Lilalite,  iii.  350 

Limbourg's  table  of  affinity,  iii.  10 
Lime,  L  334,  and  ii.  47 
salts  of,  ii.  455 
acetate  of,  ii.  465 
antimoniate,  ii.  464 
antimonite,  ii.  465 
arseniate,  ii.464 
arsenite,  ibid* 
beneoate,  ii.  466 
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Lime,  biphoiphirte,  lu  460 
boletate,  ii.  14iB 
borate,  ii.  468 
boniftlicate^  ibid, 
carophoraie,  ii.  467 
carDOQate»  ii*  456 
chromate.  iu  465 
citrate,  ii.  469 
effete  of,  on  mould,  it.  329 
fluate  of,  ii.  267 
formate,  ii.  471 
gallate,  ibid, 
hydrate,  ii.  48 
bydrosulphuret,  iL679 
bypophosphite,  ii*  461 
hyposulphite,  ii.  464 
lunate,  ii.  469 
lactate,  ii.  471 
/  roalate,  ii.  470 
mellate,  ii.  468 
molybdate,  ii.  465 
noroxylate,  iL  466 
muriate,  i.  SS7 
nitrate,  ii*  455 
oxalate,  ii.  467 
phosphate,  ii.  459 
quadriphosphate,  ii.  460 
aaclactate,  ii*  470 
ailieate,  ii.  458 
alacking  of,  ii.  48 
soap,  ii.  695 
aorbate,  ii.  471 
subcrate,  ii.  467 
subphosphute,  ii.  461 
succinate,  ii.  466 
sulphate^  ii.  461 

anhydrous,  ii.  462 
sulphite,  ii.  463 
supermalate,  ii.  470 
tannate,  ii.  471 
tartrate,  ii.  468 
tungt^tate,  ii.  465 
urate,  ii.  470 
water,  ii.  49 
zumate,  ii.  471 
Limestone,  iii.  S85,  554 

primitive,  iii.  554/ 
Boetz,  iii.  565 
transition,  iii.  560 
Liquefaction  explained,  i.  83 
Liquids,  iii.  79 

constitution  of^  iii*  80 
taUe  of,  ui.  88 


UID8X* 


ILiquidSy  ipecific  gravity  of,  iii.  85 
expansion  of,  L  66 

actioii  on  each  other,  iii. 
84 

mixtnre  of,  ibid. 

combinaUon  with  solids, 
iii.9(> 
Liquor  silicum,  ii.  95 
Liquorice,  iv.  85 
Litharge,  i.  427 
Lithic  acid,  ii.  173 
Lithoroarge,  iii.  355 
Liver  of  salpbur,  ii.  43 
Lixiva,  i«  318 
Loam,  iii*  S4r3 
Loboite,  iii.  287 
Lobster  crust,  iv.  463 
Logwood,  iv.  228 
Lomonite,  iiL  324 
LuculUte,  iii*  389 
Luna  cornea,  i.  476 
Lunar  caustic,  ii.  645 
Lupine,  white,  iv.  269 
Lustre,  iii.  240 
Lute,  what,  i.  185 
Lycoperdon,  tuber,  iv.  297 
Lydian  stone,  ui.  S02 
Lymph  of  ptents,  iv.  3S1 
amnuds,  iv.610 

M 

Madder,  iv.  223 
Madrapores,  iv.  465 
Magis-tery  of  bismuth,  i.  457 
Magnesia,  i.  352,  and  ii.  61 
salto  of,  490 
acetate  of,  ii.  500 
ammonio-nitrate,      ii* 

492 
ammonio  -  phosphate, 

ii.  495 
ammonio-sulphate,  ii* 

497 
ammonio-sulphite,    ii- 

500 
arseinate, .  ii.  500 
benawate  of,  ii.  501 
borate,  iu  494,  and  iii. 

417 
camphorate,  ii.  501 
carbonate,  ii.  492,  and 

iii.  416 
cfaroniate,  ii.500 
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Magnesia,  citrate,  ii*503 
fluate,  ii.  269 
gallate,  ii.  504* 
hydrosulphurety  ii.  679 
lactate,  li.  603 
malate,  ibid* 
molybdate,  ii.  500 
muriate,  L  354 
Datire,  iii.  357 
nitrate,  ii.  490 
oxalate,  ii.  502 
phosphate,  iu  495 
saclactate,  ii.  503 
silicitate,  ii.  404 
soap  of,  ii.  695 
soda-sulphate,  ii.  498 
sorbate,  ii.  503 
suberate,  ii.  502 
succinate,  ii.  501 
sulphate,  ii.  496,  and 

lii.  416 
sulphite,  ii.  499 
.  tartrate,  ii.  502 
tungstate,  ii.  500 
urate,  iu  503    • 
zumate,  ibid.> 

Magnesian  limestone,  ilL  88i5 

Magnesite,  iiu  416 

Magnesium,  L  352 

chloride  of,  i.  354 
iodide  of,  i.  355 

Magnetic  iron-stone,  iii.  471 
sand,  ibid. 

Ma^ets,  L  387 

Maize,  iv,  264 

Malachite,  iiu  461 

Malacolite,  iii.  376 

Malates,  ii.  179 

Malic  acid,  ii.  177 

plants  containing  it, 

i?.6. 
in  animals,  iv.  448 

Malleabih'ty,  i.  315 

Malt,  iv.372 

Maltha,  ii.  385 

Manganese,  i.  400 

alloys,  L  450,  490, 

547 
salts  of,  ii.  552 
acetate,  ii.  557 
antimoniate,  ii.  556 
arseniate,  ibid, 
benzoate,  ii.  557 


Manganese,  cTiromate,  it.  556  • 
citrate,  ii.  558 
carbopate,  ii.  553 
carburet,  i.  405 
chloride,  i.  404 
muriate,  ii.  245 
nitrate,  ii.  552 
ores,  iii.  488, 611 
oxalate,  ii.  558 
oxides  of,  i.  402 
phosphate,    iu  554, 

and  iii.  490 
silicate,  ii.  553  and 

iii.  491 
soap,  ii.  697 
succinate,  ii.  557 
sulphate,  ii.  554 
sulphureted     oxide, 

lii.  400 
tartrate,  ii.  558 
tungstate,  ii.  556 
black  ore  of,  iii.  489 
grey  ore  of,  iii.  488 
Manna,  iy.  29 

metallorum,  i.  466 
Manure,  iv.  325 
Marble,  iii.  386 

Portsoy,  iii.  363 
Marcasiteof  gold,  i.  415 
Margarates,  ii.  379 
Margaric  acid,  ii.  378 
Marine  acid,  ii.  229 
Marl,  iii.  398 
Marrow,  iv.  485 
Mars,  ii.  524 

Stahl's  tincture  of,  ii.  527 
tartarised  tincture  o£^   ii. 

540 
tincture  of,  ibid. 
Martial  sethiops,  i.  368 

salts,  ii.  524 
Massicot,  i.  424 
Mastich,  iv.  135 
Meadow  ore,  iii.  478 
Medicine,  universal,  i.  7 
Medullin,  iv.  182 
Meershaum,  iii.  358 
Meionite,  iii.  339 
Melanite*  iii.  289 
Melasses  acid,  iv.  16 
Mellate  of  alumina,  iii.  419       '' 
Mellates,!!.  158  -  -'^'^ 

MeUite,  iii.  419  •   •  '    '-^ 
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Mdlitic  acid,  iL  157 
Mett  of  the  carp^  iv.  53? 
Melting  explained,  i.  83 
Membninet  iir.  480 
Menachan,  i*  559 
Menacbaiiite,  iii.  510 
Meniltle,  iii.  310 
Mephitic  acid,  ji.  85 
Mercarius  dulcif » i.  465 
Mercurjy  i.  459 

acUoD  on  metals,  iii.  1 10 

amalgams  of,    i.  471| 
495, 507, 537 

salto  of,  ii.  631 

*  acetate,  ii.640 

aneniate,  ibid. 

benioate,  iL619 

borate,  ii.  635 

carbonate,  ibid. 

carbosulphuret,  iiL  443 

chloride,  i.  463 

chromate,  ii.  640 

citrate,  ii.  625 

congelation  of,  u  460 

corneous,  iii.  444 

fluate,  ii.  271 

fulminating,  ii.  35 

hepatic  ore  of,  iii.  443 

Howard's  fulminating^ 
ii.  342 

malate  of,  ii.  642 

mellate,  ibid. 

muriate,  i.  463 

molybdate,  ii.  640 

native,  iii.  441 

nitrate,  ii.  633 

ores  of,  iii.  440 

ores,    analysis    of,   iii. 
600 

oxalate,  ii.  641 

oxides  of,  i.  461 

phosphate,  ii.  636 

phosphite,  ibid. 

saclactate,  ii.  642 

soap  of,  ii.  696 

succinate,  ii.  641 

sulphate,  ii.  636 

tartrate,  ii.  642 

tungstate,  ii.  640 
Menilius  cantharellus,  iv.  296 
Mesotvpe,  iii.  318 
littaliic  hydrogurets,  ii.  683 
Ittilre,  L  313 


Metals,  i.  SIS 

tenacity  cif,  i.  521 
in  plants^  it.  200 
how  obtained  pure,  iiL  614 
conducting  power  of,  L  54 
in  animals,  it.  450 
Meteoric  stones,  in.  194 
Miasmata,    putrid,  destroyed  by 

muriatic  acid,  ii.  255 
Mica,  iii.  350 

peen,  iiL  492 
iron,  iiL  473 
slate,  iik550 
Micaceous  iron  <Hre,  iii.  473 
Micarell,  iiL  351 
Milk,  iv.  503 

add  of,  iL  185 
woman's,  it.  51 1 
ass's,  iy.512 
goat's  iv.  5  IS 
ewe's,  ibid, 
mare's,  ibid, 
mountain,  iii.  385 
rock,  ibid. 
Millepores,  iv.  465 
Milt  of  the  caip,  iV.  537 
Minerd  caoutchouc,  u.  388 
crystal,  ii.  414 
pitch,  iiL  427 
tar,  iL  387 
Minerab,  iii.  239 

aspect  of,  iii.  249 
characters  of,  iii.  240 
compound,  iiL  541 
simple,  iii.  251 
analysis  of,  iii.  583 
Minium,  i.  426 

native,  iii.  525 
Mirrors  of  telescopes,  i.  454 
Mispickel,  i.  388 
Misy,  ii.  530 
Mixture,  as  a  source  of  heat,  i. 

160 
Molybdate  of  lead,  iii.  531 
Molybdates,  ii.  121 
Molybdena,  iii.  504 
Molybdenum,  L  542 

ores  of,    iii.    504, 

612 
oxides  of,  i.  544 
Molybdic  acid,  i.  545,  and  ii.  120 
Molybdous  acid,  i.  545,  and  ii.  121 
Moonstone,  iiL  3SS 
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Mporcoal»  iii.  4>29 
Morass  ore,  iik  478 
IVforoxylateSy  it.  144r 
Morox^lic  add,  iii.  143 
Morphia,  !▼.  67 

salts  of,  iv«  69 
Mortar,  ii.  53 

water,  ii.  54 
Mosaic  gold,  i.  438 
Mother  ley,  i.  352 
Mother  of  pearl,  iv.  461 
Mould,  vegetable,  iv.  326 

acid,  iv.  328 
Mountain  blue,  iii.  460 
^een,  iii.  462 
iron-shot,  ibid. 
Mucilage,  iv.  36 
Mucous  acid,  ii.  171 
Mucus,  iv.  45, 424,  524 

of  the  nose,  iv.  525 
Muriatic  acid,  i.  225,  and  ii.  229 
.  how   prepared,    ii. 
230 
destroys      putriate 
miasmata,  ii.  255 
dephlogisticated,  i. 

184 
in  animals,  iv.  446 
Muriates,  ii.  234 
Muscles  of  animals,  iv.  471 
Muscovy  glass,  iii.  350. 
Mushrooms,  iv.  288 
Musk,  iv.  444 
Mussite,  iii.  376 
Must,  iv.  386 

fermentation  of,  iv.  387 
Myricin,  iv.  Ill 
Myrrh,  iv.  171 


N 


Nacrite,  iii.  365 
Nadelstein,  iii.  508 
Nails,  iv.  469 
Naphtha,  ii.  330 
Narcotic  salt,  i.  245 

principle^  iv.  67 
Natrolite,  iii.  319 
Natron,  i.  326 
Needle-ore,  iiif  519 
Needle-stone,  iii.  319 
Nepheline,  iii.  340 
Nephrite,  iii.  362 


Nerium  dnctorium  yields  indigo, 

iv.88 
Nerves,  iv.  482 
Neutralization,  iii.  137 
New  silver,  i.  496 
Nickel,  i.  389 

alloys,  i.  395,  422,  430, 
450,  489,  547 

salts  of,  ii.  541 

acetate,  ii.  546 

ammonio-nitrate,  ii.  542 

ammonio-sulphate,  ii.  544 

arseniate,  ii.  545 

borate,  ii.  543 

carbonate,  ii.  542 

carburet,  i.  394 

chloride,  ibid. 

chromate,  ii.  545 

molybdate,  ii.  546 

muriate,  ii.  244 

nitrate,  ii.  541 

ochre,  iii.  504 

ores,  iii.  503 

ores,  analysis  of,  iii.  607 

oxalate,  ii.  546 

oxides  of,  i.  392 

phosphate,  ii.  543 

phosphuret,  u  395 

sulphate,  ii.  543 

sulphuret,  i.  395 

tartrate,  ii.  546 
Nicotin,  iv.  59 
Nightshade,  deadly,  iv.  245 
Nigrine,  iii.  51 1 
Nihil  album,  i.  418 
Nitrates,  ii.  78 
Nitre,  ii.  412 

cubic,  ii.  438 
fixed,  ii.  418 
fixed  by  charcoal,  ii.  415 
Nitric  acid,  i.  212,  and  ii.  73 
Nitrogen,  i.  207 
Nitrous  acid,  i.  213, 282 

vapour,  ii.  83 

etherised  gas,  ii.  342 

gas,  ii.  8 

gas,  dephlogisticated,  ii.  $ 

oxide,  It.  4 

gas,  eudiometer,  iii.  178 
Nitroxi,  ii.  7 
Nitrum  fixum,  ii.  423 

fiammans,  ii.  399 

semivolatile,  ibid.  ^ 
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-Kovacalite,  ui.  S4S 

Kut^alU»  ii.  198 
Nutmeg,  iv.  273 
NuU,  husk-of»  IT.  ^5 

O 

OatB,  iv.  261 

Obsidian,  iiu  SIS 
Ochre»  iii.  474 
Odiroite,  L  407 
Octahedrite,  iii.  509 
Oetites,  iii.  477 
OilofvitrioUii.  104 
Oils,  ii.  353 

anima),  iv.  437 

bituminous,  ii.  334 

fixed,  ii.  361 

list  of,  iv.  106 

volatile,  ii.  353 

list  of,  iv.  107 

drying,  ii.  365 

essential,  ii.  353 

fat,  ii.  366 

philosophical,  ii.  364 

poisonous,  ii.  333 

sweet,  principle  of,  ii.  37G 
Oleates,  ii.  381 
Olefiant,  eas,  i.  239 
OleYc  acid,  ii.  380 
Oleo-saccharum,  ii.  359 
Oleum  sulphuris,  ii.  104 
Olibanum,  iv.  167 
Oliven  ore,  iii.  464 
Olivine,  iii.  378 
Onion,  iv.  282 
Opacity,  i.  313 
Opal,  iii.  307 

jasper,  iii.  312 
Opium,  iv.  68 
Opobalsamum,  iv.  154 
Opoponax.,  iv.  170 
Ore8,  iii.  433 

analysis  of,  iii.  596 
Orirhalcum,  i.  451 
Orpiment,  i.  302,  and  iii.  539 
Orthite,iii.496 
Osmdzome,  iv.  425 
Osmium,  i.  316 
Ossifications,  iv.  572 
Ouretic  acid,  ii  444 
Oxalates,  ii.  151 
Oxalic  mM,  ibid* 


Oxalic  add  plaiiti 

iV.  3 
m  aniiiials,  iv.  448 
Oxide  and  oxidieement,  i*  183 
of  antimooj,  i.  531 
•■ole,  i*  21 1,  and  ii.  3 
bismuth,!.  456 
cerium,  L  409 
chromium,  u  541 
cobalt,  L  398 
copper,  1.443 
pold,  i.  4M 
iridium,  i.  51S 
iron,  i.  368 
lead,  i.  423 
aciangaiiese,  i.  402 
mercury,  i*  461 
molybdenum,  i.  544 
nickel,  i.  393 
osmium,  i.  308 
palladium,  i.  510 
phosphoraa,  i.  261 
platinum,  i.  500 
rhodium,  i.  514 
silver,  i.  475 
tanta/itm,  L  557 
tellariam,  i.  303 
I'm,  i.  432 
titanium,  i.  560 
tungsten,  i.  551 
uranium,  i.  412 
zinc,  i.  417 
O.vides,  ii.  3 

metallic,  i.  522,  and  ii.  68^ 
tableof,i.  310,522,562 
division  of,  ii.  3 
unsalifiable,  ibid. 
Oxycarbureted  hydrogen,  ii.  243 
Oxygen,  i.  178 

gas,  how  prepared,  ibid, 
combination     with    ni- 
trous gas,  ii.  9 
combination  with  simple 

combustibles,  ii.  3  ^ 
emitted  by   plants,    iv. 

34« 
absorbed  by  plants,  iv- 
354 
Oxymuriatic  acid,  i.  184 
Oxyprussic  acid,  ii.  276 


Pakfong,  i.  422 


PaDadiunf,  i.  509 

nlto  of,  ii.  660 
fenrocyonate,  ii.  662 
muriate  of,  ii.  660 
nitrate,  ibid, 
oxides  of,  i.  510 
sulphate,  ii.  661 
Panacea  holsatica,  ii.  423 
Panchjnnagogum  minerale,  i.  466 
Panchymago^us  (juercitanus^  ibid. 
Pancreatic  juice,  iv.  518 

concretions,  iy.  572 
Papaw  tree  contains  fibrin,  iv.  105 
Parenchyma,  iv.  232 
PatellK,  iv.  461 
Pea  stone,  iii.  388 
Pearl,  iv.  462 

ash,  1.  316 
white,  ii.  628 
stone,  iii.  313 
sinter,  iii.  306 
Peas,  iv.  264 
Pechblende,  iii.  492 
Pepper,  iv.  273 
Perchloric  acid,  i.  191 
Perchloride  of  phosphorus,  i.  269 
Percussion,  i.  150 
Pericardium,  liquor  of,  iv.  528 
Peridot,  iii.  378 
Periodide  of  phosphorus,  i.  270 
Perlated  acid,  ii.  444 
Perspiration,  iv.  634 
Peru,  balsam  of,  iv.  157 
Peruvian  bark,  iv.  235 
Petroleum,  ii.  384 
Petro-silex,  iii.  334 
Pewter,  i.  442 
Phallus  impudicus,  iv.  296 
Pharmacolite,  iii.  411 
Phlogisticated  air,  i.  207 

alkali,  ii.  282,  297 
Phlogiston,  i.  222 
Phosgene  gas,  i.  237 
Phosphate  of  iron  and  manganese, 

iii.  490 
Phosphatic  acid,  ii.  102 
Phosphorana,  i.  267 
Phosphorane,  ibid. 
Phosphoric  acid,  i.  263,  and  ii.  99 

plants     contain- 
ing, iv.  188 
in    animals,    iv. 
446 
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Phosphorite,  iii.  401 
Phosphorous  acid,  i.  265 ;  ii.  101 
Phosphorus,  L  257 

chlorides  of,  i.  267 
hydrogurets  of,  i.  271 
iodides  of,  i.*270 
liquid,  ii.  58 
oxide  of,  i.  267 
of  Homberg,  i.  338 
of  Balduin,  ii.  456 
in  animals,  iv.  445 
Phosphuret  of  antimony,  i.  535 

arsenic,  i.  300 
barytes,  ii.  57 
carbon,  i.  276 
cerium,  i.  409 
cobalt,  L  398 
copper,  i.  447 
^old,  i.  487 
iron,  1.  383 
lead,  i.  428 
lime,  ii.  51 
manganese,  i.  405 
mercury,  i.  468 
molybdenum,  i.  5i6 
nickel,  i.  395 
platinum,  i.  502 
silver,  i.  478 
strontian,  ii.  60 
sulphur^  i.  291 
tin,  i.  437 
titanium,  i.  560 
tungsten,  i.  554 
sulphur,  i.  291 
zinc,  i.  420 
Phosphureted  alcohol,  ii.  322    • 

azotic  gad,  i.  271 
hydrogen  gas,  ibid. 
Phytolacca  berries,  iv.  274 
Picnite,  iii.  270 
Picromcl,  iv.  426 
Picrotoxin,  iv.  55 
Pierre  a  fusil,  iii.  302 

de  croix,  iii.  293 
Pig  iron,  i.  5)74 
Pimelite,  iii.  354 
Pinchbeck,  i.  451 
Pineal  concretions,  iv.  572 
Pinite,  iii.  351 
Pisiform  iron  ore,  iii.  477 
Pitch,  mineral,  iii.  427 
ore,  iii.  492 
Stbue,  iii.  313 
2  X 
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Pitchy  iron  ore, '  iiL  487,  491 

Pitcoal,  ii.  389 

gas  from,  L  U4f 

Piztazite,  iii.  S80 

Planu,  death  of,  iv.  368 
decay  of,  iv.  367 
diseases  of,  iv.  302 
food  of,  iv.  314 
ingredients  of,  iv.  200 
parts  of,  iv.  207 
peculiar  juices  of,  iv.  213 

Plasma,  iii.  304> 

Plaster  of  Paris,  \u  462 

Rasters,  iL  697 

Platina,  iii.  438 

Platinum,  i.  496 

alloys  of,  i*  505,  511, 

538,549 
chloride,  i.  501 
fulminating,  ii.  35 
ores  of,  iii.  437 

analysis  of,  iii.  597 
oxides  of,  i.  500 
phosphurets,  i.  502 
sulphate,  ii.  656 
triple  salts  of,  iL  657 

Pleonaste,  iii.  259 

Plumbago,  i.  231,  and  iii.  433 

Plumbum  comeum,  i.  428 

Plumula,  iv.  307 

Plutonium,  i.  342 

Poisons,  animal,  iv.  542 

Pollen,  iv.  253 

Pollenin,  iv.  104 

Polychroite,  iv.  50 

Pompholyx,  i.  418 

Ponderable  bodies,  i.  177 

Ponderous  spar,  i.  340,  and  iii.  413 

Porcelain  earth,  iii.  342 

Porphyry,  iii.  551,  555 

Potash,  1.  316,  320;  and  ii.  40 
dissolves  oxides,  ii.  55 
acetate  of,  ii.  429 
ammonio-sulphate,  ii.  425 
antiinoniate,  ii.  427 
antimonite,  ii.  428 
arseniate,  ii.  426 
arsenite,  ii.  427 
benzoate,  ii.  430 
binarseniate,  ii.  426 
boletate,  ii.  148 
borate,  ii.  419 
campborate,  iL  4S1 


Potash,  caHKMiate»  u.  41S 

chromate,  iL  428 

citrate,  ii.  436 

columbate,  ii.  428 

ferrosulphate,  iL  539 

ferrotartrate,  iL540 

fluate,  ii.  267 

sallate,  ii.  487 

hydrate  of,  iL  41 

hydroaulphuret,  iL  677 

hypophosphite,  iL  42S 

lactate,  u.  437 

malate^  ibul. 

meiiate,  ii.  433 

molybdate,  ii.  428 

muriate^  i.  322 

nitrate,  iL  412,  and  iii.  421 

nitrite,  ii.  418 

oxalate,  ii.  432 

phosphate,  iL  421 

phosphite,  ii.  423 

quadroxalate,  ii.  433 

saclactate,  iL  436 

salts  o^^  ii.  411 

silicste,  il  42i 

sospo^  iL698 

sorbaie,  ii.  436 

succinate,  ii.  4S1 

Buberate,  ibid. 

succinate,  ibid. 

sulphate  iL  423 

sulphite,  ii.  425 

tartrate,  ii.  433 

tungstate,  ii.  428 

nitro,  iL  429 

urate,  ii.  437 

zumate,  ii.  189 
Potassium,  i.  319 

alloys  of,  L  421,  429^ 
440, 449,  471, 488, 
505,536 
peroxide  of,  L  321 
chloride  of,  i.  322 
iodide  of,  i.  323 
hvdruret  of,  i.  324 
pbosphuret  of,  i.  325 
sulphuret  of,  ibid, 
arseniuret,  ibid, 
action  of,  on  am"^"»^ 
iL  31 
Poutoe,  iv.  278 
Potential  cautery,  L  318 
Potstone,  iiL  364 
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Powder  of  algoroth,  i.  552 
Prase,  iii.  298 

PrecipiUDUy  uble  of^  iii.  148 
Precipitate />fr  se^  i.  462 
Precipitation,  iii.  158 
Prehnite,  iii.  816 
Prince's  metal,  i.  451 
Principle,  vegetative,  iv.  568 

animal,  iv.  644 
Products  of  oombustiooi  i.  144 
Propolis,  iv.  443 
Prostate  concretions,  iv.  575 
P^otiodide  of  phosphorus,  i.  270 
Protochloride   of   phosphorus,  i. 

268 
Prussian  alkali,  ii.  281,  297 
blue,  ii.  279 

native,  iii.  482 
Pruflsiates,  ii.  297 
Prussic  acid,  ii.  279 
.    ^  planu  containing  it, 

IF.  7 
Puddling,  i.  376 
Pulmonary  concretions,  iv.  573 
Pumice,  id.  314 
Purple  of  amorgos,  iv.  287 
Pus,  iv.  594 

how  distinguished  from  mu- 
cus, iv.  596 
Putrifaction,  iv.  395,  645 
in  air,  iv.  646 
under    ground,    iv. 

648 
of  accumulated  mat- 
ters, ibid, 
preventatives    from, 
iv.650 
Pycnite,  iii.  270 
lyrenite,  iii.  285 
pyrites,  i.  384,  385,  and  iii.  469 
magnetic,  i.  384,  and  iii. 

469 
arsenical,  iii.  538 
copper,  iiL  455 
hepatic,  iii.  470 
Pyro-acetic  spirit,  iL  132 
Pyrodmalite,  iiL  485 
P^romachtts,  iii.  302 
P)rrometer  of  Wedgewood,  u.  65 
Pyrop,  iii.  293 


Homberg* 
Canton's 
PyrophysaUte,  iii.  271 


I  Pyrotartaric  acid,  ii.  150 
Pyrotartarous  acid,  ibid. 
Pyroxen,  iii.  376 

Q 

Quartz,  iii.  296,  554 
milk  iii.  297 
Quassin^  iv.  53 
Quercitron,  iv.  239 
Quicklime,  i.  334 
Quicksilver,  i.  459 
Quinquina,  iv.  233 

K 

Radiant  heat,  i.  35 

Radiating  power  of  bodies,  i.  39 

Radical  vinegar,  ii.  128 

Radicle,  iv.  307 

Rancidity,  ii.  369 

Rays  of  light,  i.  13 

caloric,  i.  35 
Realgar,  i.  301,  and  iii.  539 
Red  antimonial  ore,  iii.  536 
cobalt  ore,  iii.  502 
copper  ore,  iii.  458 
flowers,  iv.  248 
hematite,  iii.  475 
iron  ore,  iii.  474 
lead,  i.  426 

lead  ore  of  Siberia,  ill.  529 
ochre,  iii.  474 
ore  of  antimony,  iii.  536 
ore  of  manganese,  iii.*491 
precipitate,  i.  462 
Sanders,  iv.  230 
silver  ore,  iii.  449 
Reflection  of  heat,  i.  42  . 

light,  i.  14 
Refraction  of  light,  ibid. 
Regulus  of  antimony,  i.  529 
martial,  i.  537 
of  Venus,  ibid. 
Reissite,  iii.  422 
Repulsion,  iii.  22 
Resin,  iv.  135,  and  iii.  425 
Botan^r  Bay,  iv.  138 
from  bitumen,  iv.  149 
green,  iv.  141 
of  bile,  iv.  427 
Highgate,  iii.  .426 
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i,  iv.  441 
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moEx^ 


Respiratbo,  it.  618 

of  fitbes,  W.  623 
Priestley's  theory  of, 

iv.  628 
LaToisier's  theory  of, 

ibid. 
Lagrange's  theory  of, 

ibid, 
changes  on  air  by,  iv. 

616 
changes  on  blood  by, 
iv.625 
Respirations,  number  of,  iv.  615 
Rete  mucosuin,  iv.  480 
Reticularia  portensis,  iv.  298 
RtCinasphaltum,  ii.  389,  and  iii.  426 
Rheumic  acid,  ii.  167 
Rhodium,  i.  512 

salts  of,  ii.  662 
RhceUzite,  iii.  373 
Rhomb  spar,  iii.  394 
Rhubarb,  iv.  245 
Rice,  iv.  264 

Richter's  law  of  double  decompo- 
sition, iii.  16 
Rock  cork,  iii.  365 
crystal,  ii.  93 
soap,  iii.  355 
wood,  iii.  366 
Rocks,  iiL  542 

position  of,  iii.  545 
structure  of,  iii.  543 
Roestone,  iii.  386 
Roote,  iv.  219 

absorb  oxygon,  iv.  359 
Rosa  mallos,  iv.  159 
Rosacic  acid,  iv.  447 
Rosin,  iv.  135 
Rouge,  iv.  249 
Rubellite,  iii.  278 
Ruby,  iii.  261,  263 

balass,  iii.  261 
occidental,  iii.  269 
octahedral,  iii.  261 
orienta],  iii.  263 
spinel],  iii.  261 
Rum,  ii.  306 
Rust,  ii.  527 
Ruthile,  iii.  508 
Rutilite,  iii.  512 
Rye,  iv.  258 

S 

Sacar-nambOi  iv.  32 


Saccharine  add,  ii.  158 
Saclactates,  ii.  172 
Saclactic  acid,  ii.  170 
Saffron,  n.  252 

of  Mars,  i.  370 
Sagapenum,  iv.  168 
Sa^nite,  iii.  508 
Sago,  iv.  84 
Sahlite,  iii.  376 
Sal  ammoniac,  ii.  234 

secret,  ii.  405 
catharticus  amams,  ii,  496 
de  duobus,  ii.  423 
gem,  ii.  235 
mirabile,  ii«446 
polvchrest  Glaaeri,  ii,  423 
perlatum,  ii.  444 
Salifiable  bases,  iL27 
Saline  solutions,  action  of  salt  on, 

iii.  106 
table  of,  iii.  99 
freezing  of,  L  85 
Saliva,  iv.  515 

of  the  horse,  iv.  518 
Salivary  concretions,  iv.  S7S 
Salop,  IV.  S5 
Salsola,  i.  326 
Salt,  i.  330,  and  iiL  395 

arsenical,  neutral,  ii.  426 

common,  L  330 

how  decomposed,  ii.  235 

digestive,  of  Sylvius,  iL  429 

diuretic,  ibid. 

Epsom,  ii.  496 

febrifuge,  i.  322 

essential  of  lemons,  iu  432 

Glauber's,  ii.  446 

microcosmic,  ii.  445 

narcotic,  i.  245 

of  amber,  ii.  141 

of  Saturn,  ii.  588 

of  Seignette,  ii.  452 

of  Sylvius,  i.  322 

of  tartar,  ii.  418 

of  wood-sorrel,  ii.  432 

Seriated,  ii.  444 
lochclle,  ii.  452 
rock,  i.  330 
sea,  ibid, 
sedative,  i.  245 
Seydler,  ii.  496 
petre,  ii.  418 
regenerated  set,  ii,  9S$  ^ 
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Sail,  rock,  iH.  42S 

sulphureous,  of  Stahl,  ii.  425 
Salts,  ii.  395 

calcareous,  iii.  383 
compound,  ii.  395 
neutral,  ibicU 
nomenclature,  ii.  397 
simple,  ii.  395 
solubility  in  alcohol,  ii.  323 
solubility  in  water,^  iii.  99 
triple,  i'i.  396 
food  of  plants,  iv.  322 
Sandaracli,  iv.  137 
Sandstone,  iii.  562 
Sap  of  plants,  iv.  208 
motion  of,  iv.  331 
transpiration  of,  iv.  343 
Saponaceous  extract  of  urine,  iv. 

428 
matter  of  putrifac- 
tion,  iv.  648 
Saponules,  ii.  358 
Sappare,  iii.  372 
Sapphyr,  iii.  263 

oriental,  ibid, 
occidental,  iii.  269 
Sarcocoll,  iv.  33 
Saturation,  liL  93 
Saturn,  i.  422 

salt  of,  ii.  588 
sugar  of,  ibid, 
extract  of,  ii.  590 
Saussurite,  iii.  330 
Savonule,  ii.  358 
Scales  of  fish,  iv.  470 

serpents,  ibid. 
Scammony,  iv.  169 
Scapolite,  iii.  337 
Schalstone,  iii.  410 
Shaumearth,  iii.  384 
Scheelium,  i.  551 
Schiefer  spar,  iii.  384 
Schillerstone,  iii.  373 
Schillitin,  iv.  56 
Schmeltzstein,  iii.  325 
Schorl,  iii.  276 

common,  ibid, 
red,  iii.  ihs,  and  iiL  508 
white,  iii.  340 
Schorlite,  iii.  270 
8chrifters,iii.439 
Schwangtltigers,  iii.  456 
Scorpion,  venom  of,  Iv.  544 


Sea-froth,  iii.  358 
salt,  ii.  235 

salt,  regenerated,  ibid, 
wax,  ii.  385 

Sebacic  acid,  ii.  140 

Secretions,  iv.  503 

morbidf  iv.  594 

Sedative  salt,  i.  245 

8eed»  of  plants,  iv.  256 

Seleuite,  li.  461,  and  iii.  405 

Semen,  iv.  534 

Semiopal,  iii.  308 

Senna,  iv.  241 

Serosity,  iv.  498 

Serpentine,  iii.  554,  363, 557 

Serum  of  blood,  ibid. 

Seydler's  salt,  ii.  496 

Shale,  iii.  347 

Shells,  iv.  460 

porcellaneous,  iv.  461 
mother-of-pearl,  ibid, 
of  eggs,  iv.  513 

Shistus,  argillaceous,  iii.  348 

Siberite,  iii.  278 

Siderocalcitie,  iii.  397 

Siderum,  i.  383 

Sienite,  iii.  556 

SiUca,  i.  251,  andii.  92 

composition  of,  i.  253 

Silicated  potash  precipitates  gum, 
iv.39 

SUicon,  i.  251 

Silk,  iv.  491 

SUver,  i.  473 

alloys  of,  i.  479, 496,  508, 

512,  538,  549 
salts  of,  ii.  644 
acetate,  ii.  651 
amalgam  of,  iii.  441 
antimonial,  iii.  446 
antimonial    itulphuret,   iii. 

447 
arseniate,  ii.  650 
auriferous,  iii.  445 
benzoate,  ii.  651 
bismuthic,  'iii.  446 
black,  iii.  452 
borate,  ii.  648 
carbonate,  iii.  452 
chloride,  i.  476 
chromate,  ii.  651 
citrate,  ii.  652 
fluate,  ii.  271 


678 


miucz. 


Siretf  fiilminfttinfr  iL  S5 
slaDce,  ill.  447 
horn,  uL45I 
iodide,  i.  4*78 
malatey  iL  653 
mellate,  ii.  652 
molybdate,  iL651 
muriate,  i.  476 
native,  iii.  445 
nitrate,  ii.644 
ores  of,  iii.  445 
ores,  analjmo^  iii.  598 
oxalate,  ii.  652 
oxides,  i.  475 
phosphate,  ii.  648 
phosphuret,  i.  478 
red  ore,  iii.  449 
saclactate  of,  iL  653 
soap,  ii.  697 
sucdnate,  ii.  651 
sulphate,  ii.  649 
sulphite,  ibid* 
sulphuret,  L  478,  and  iii. 

447 
tartrate,  ii.  652 
white  ore,  iii.  448 
SiWered  looking  glasses,  i.  473 
Simple  combustibles,  i.  220 
incombustibles,  i.  206 
substances^  L  11 
supporters,  i.  177 
Sinovia,  iv.  532 
Sinter,  siliceous,  iiL  306 
Sise,  iv.  405 
Skin,  iv.  475 

whether  it  absorbs,  iv.  6S6 
Slate,  adhesive,  iii.  344 
drawing,  iiL  347 
polishing,  iii.  344 
whet,  ill.  348 
clay,  iii.  343 
spar,  iii.  384 
Smaragdite,  iii.  374 
Soap,  ii.  689 

hard,  ii.  690 
soft,  iL  693 
Starkey's,  ii.  358 
Soaps>  alkaline,  ii.  689 
earthy,  ii.  694 
metallic,  ii.  695 
Soda,  i.  326 

composition  of,  i.  328,  and 
U.45 


Soda,  tnto  of,  iL  437 
acetated^  iL450 

ammonio-phoaphate,  iL  445 

aneniate^  ii.  449 

benioate,  ii.  450 

bisulphate,  n.  448 

borate,  ii.  441 

camphorate,  iL  451 

carbonate,  ii.  439,  and  iiL 
421 

citrate,  ii.  456 

chromate,  iL  449 

fiuate  of,  ii.  267 

hydrosuiphuret,  iL678 

hypophosphite,  ii.  446 

lactate,  ii.  454 

malate,  ibid. 

mellate,  ii.  452 

molybdate,  ii.  449 

muriate,  ii.  235,  423 

nitrate,  ii.  438 

oxalate,  ii.  451 

phosphate,  iL  443 

phoRphite,  iL  446 

saclactate,  ii,  4S4 

silicate^  ii  443 

soap  of,  u.  690 

sorbate,  ii»454 

sub*borate,  ii.  442 

suberate,  ii.  451 

succinate,  ibid. 

sulphate,  ii.  446,  and  iii.422 

sulphite,  ii.  448 

tartrate,  ii.  452 

tungstate,  ii.  449 

urate,  ii.  454 

zumate,  ibid. 

how  extracted  from  commM 
salt,  ii.  235 
Sodalite,  iii.  339 
Sodium,  L326 

alloys  of,    i.   421,  430, 
440,   449,  471,  488> 
505,536 
peroxide  of,  i.  329 
chloride  of.  Ibid, 
iodide  of,  i.  332 
phosphuret  of,  ibid, 
sulphuret  of,  ibid. 
arsenuret  of,  i.  333 
alloy  with  potassium,  ibid 
actioQof  anammoniiiil 
31 
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Soil,  iv.  319 
Solids,  iii.  132 

table  of,  iii.  133 

expansion  of,  i.  70 

specific  gravity  of,  iii.  133 
Solution,  iii.  96 
Sommite,  iii.  S40 
Sor bates,  ii.  181 
Sorbic  acid,  ii.  180  , 
Sory,  ii.  530 
Sowins,  iv.  85 

Spar,  ponderous,  i.  346  ;  ii.  476 
fiuor,  iii.  403 
calcareous,  iii.  387 
Sparry  iron  ore,  iii.  479 
Spath  perl6,  iii.  397 
SpeciBc  caloric,  i.  106 
Specificum  purgans,  ii.  423 
Spectrum,  prismatic,  i.  16 
Specular  iron  ore,  iii.  472 
Spelter,  L  415 
Spermaceti,  ii.  376 

oil,  iv.  439 
Sphene,  iii.  512 
Sphragid,  iii.  359 
Spiders*  webs,  iv.  494 

venom,  iv.  544 
Spinell,  iii.  261 
Spirit  of  nitre,  ii.  74 

mindererus,  ii.  406 
sal  ammoniac,  ii.  28 
salt,  u.  229,  496 
urine,  ii.  28 
wine,  ii.  305 
Spirit,  proof,  ii.  319 
Spirits,  ardent,  ii.  306 

rectified,  ibid. 
Spodumene,  iii.  336 
Sponges,  iv.  467 
Squills,  iv.  283 
Starch,  iv.  76 

plants  containing  it,  iv.  83 

potatoe,  iv,  84 
Staurollthe,  iii.  293 
Staurotide,  ibid. 

SteiMniy  ii*  13 

elasticity  of,  i.  97 

Stearin,  ii.  371 

Steatite,  iii.  360 

Steel,  L  376, 378 
natural,  i.  S80 
of  cementation,  ibid, 
^ast,  i,  881  « 


Steel,  tempering,  i.  871 

SteinheUite,  iii.  299 

Stibium,  i.  529 

Stilbite,  iii.  320 

Stinking  sulphureous  air,  i.  286 

Stinkstone,  iii.  389 

Stones,  analysis  of,  iii.  585 
saline,  iii.  381 
earthy,  iii.  252 
from  the  atmosphere,  iii. 
194 

Storax,  iv.  162 

Strahlstein,  iii.  369 

Strontian,  i.  347,  and  ii.  59 
salts  of,  ii.  483 
acetate  of,  ii.  488 
arseniate,  ii.  487 
arsenite,  ii.  488 
benzoate,  ibid, 
borate,  ii.  486 
carbonate,  ii.  485 
chromate,  ii.  488 
citrate,  ii.  489 
hydrosulphuret,  ii.  679 
hypophosphite,  ii.  487 
hyposulphite,  ibid, 
malate,  ii.  490 
muriate,  i.  350 
nitrate,  ii.  484 
oxalate,  ii.  489 
phosphate,  iu  486 
silicate,  ibid, 
soap  of,  ii.  695 
succinate,  ii.  488 
sulphate,  ii.  487 
tartrate,  ii.  489 
urate,  ii.  490 
water,  ii.  59 
zumate,  ii.  490 

Strontianite,  iii.  414 

Strontites,  i.  377 

Strontium,  L  347 

oxide  of,  i.  349 
chloride  of,  i.  350 
iodide  of^  i.  351 

Styrax,  iv.  159 

Suber,  iv.  182 

Suberic  acid,  ii.  148 

Subsalts,  ii.  398 

Subsoap,  iL  358 

Succinates,  ii.  142 

Succinic  acid,  ii.  140 

Sugar,  if.  11 


680 


INDBX* 


Sucar,  acid  of,  iL  151 

alcohol  from,  iv.  38S 
of  Botany  B^,  iv.  28 
cane,  juice  of^  iv.  16 
liquid,  iv.  25 
of  beet,  iv.  25 
of  diabetic  urine,  iv.  435 
of  figs,  iv.  25 
of  grapes,  ibid, 
of  lead,  ii.  588 
of  milk,  iv.  4S2 
of  mushtooois,  iv.  29 
of  starch,  iv.  27 
of  Saturn,  ii.  588 
plants  containing,  iv.  31 
Sulphate  of  cobalt,  iii.  503 
indigo,  iv.  93 
lead,  liL  530 
zinc,  iii.  518 
Sulphates,  ii.  109 
Sulplutes,  ii.  112 
Sulphocyanates,  ii.  293 
Sulphocyanic  acid,  ii.  290 
Sulphur,  i.  277,  and  iii.  425 
auratuiD,  ii.  687 
chloride  of,  i.  285 
iodide  of,  i.  286 
flowers  of,  i.  277 
combustion  of,  i.  279 
in  animals,  iv.  445 
native,  iii.  425 
Siilphureous  salt  of  Stahl,  ii.  425 
Sulphuret  of  ammonia,  ii.  31 
antimony,  L  535 
arsenic,  i.  301 
bar3rte8,  ii.  58 
bismuth,  i.  458 
carbon,  i.  288 
cerium,  i.  410 
cobalt,  i.  398 
copper,  i.  448,  and 

111.  454 
gold,  i.  487 
iron,  i.  384 
lead,  1.  429 
lime,  ii.  52 
magnesia,  ii.  61 
manganese,  i.  406 
mercury,  i.  468 
molybdenum,  i.  546, 

and  iii.  504 
nickel,  i.  395 
palladium,  L£ll 


Sulphuret  of  phosphorus,  i.  291 
platinum,  L  503 
potash,  ii.  43 
silver,  i.  478 
soda,  ii.  46 
strontiaD,  ii,  60 
tin,  L  437 
tungsten,  L  554 
uranium,  1.413 
zinc,  i.  420 
Sulphureted  chyazic  acid,  ii.  290 
hydrogen  gas,  1.  2b6 
alcohcN,  iu  S22 
Sulphurets,  table  of,  i.  525,  and  iii. 

136 
metallic,  i.  625 
Sulphuric  acid,  i.  281,  and  ii.  104 

phlogbticated,  ii. 

109 
in  animals,  iv.  446 
Sulphurous  acid,  i.  279,  and  ii. 

109 
Sulphurs,  i.  284 
Sumach,  iv.  231 
Sun,  nature  of,  i.  129 

a  source  of  heat,  i.  129 
heat  of  its  rays,  i.  132 
Supersalts,  ii.  396 
Supersulphuret  of  iron,  i.  385 

lead,  i.  429 
Supporters  of  combustion,  i.  177 
Surface  of  minerals,  iii.  246 
Surturbrand,  iii.  428 
Swamp  ore,  iii.  478 
Sweat,  iv.  547 
Swimming  bladders  of  fislies,  air 

contained  in,  iv.  545 
Sylvanite,  i.  302 
Syrup,  iv.  19 


Tablespar,  iii.  410 

Tacamahac,  iv.  137 

Talc,  iii.  364 

Venetian,  ibid. 

Talcite,  iii.  865 

Tallow,  iv.  438 

mineral,  ii.  S85 

Tamarinds,  iv.  276 

Tannin,  ii.  196 

artificial,  ii.  ^09 
natural,  ii.  197 
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Tannin^  species  of,  iv.  9 
Tanning,  iv.  478 

principle,  iv.  196 
Tantalite,  iii.  497 
Tantalum,  i.555 

alloys  of,  i.  558 
ores  of,  iii.  497 
Tapioca,  iv.  85 
Tar,  mineral,  ii.  387 
Tartar,  ii.  484 

cream  of,  ii.  434 
vitriolated,  ii.  423 
chalybeated,  ii.  540 
emetic,  ii.  668 
regenerated,  ii.  429 
of  the  teeth,  iv.  517 
secret  foliated  earth  of,  ii. 

429 
salt  of,  i.  318 
soluble,  ii.  433 
Tartaric  acid,  ii.  159 

plants  containing  it, 
iv.  4 
Tartarin,  i.  318 
Tears,  iv.  524 
Tectum  argenti,  i.  455 
Teeth,  iv.  485 
Telesia,  iii.  263 
Tcllurates,  ii.  665 
Tellureted  hydrogen  gas,  i.  305 
Tellurium,  i.  302 

chloride  of,  u  304 
salts  of,  ii.  664 
muriate  of,  ii.  667 
native,  iii.  439 
nitrate,  ii.  667 
ores    of,    iii.    438, 

609 
oxides  of,  i.  303 
sulphate,  ii.  667 
sulphuret  of,  i.  306 
Temperature,  equal    distribution 

of,  i.  57 
Tempering  of  steel,  i.  371 
Tenacity,  i.  315 
Tendons,  iv.  481 
Terra  ponderosa,  i.  340 
Thallite,  iii.  280 
Thermometer  explained,  i.  73 

differential,  i.  37 
varieties  of,  i.  75 
Thermoxygen,  i.  143 
Thorina,  i.  562 


Thorinum,  i.  562 
Thummerstone,  iii.  283 
Thus,  iv.  135 
Tile  ore,  iii.  459 
Tin,  i.  432 

alloys,  i.  439,  452, 472,  481, 

492,506,512,537,548 
salts  of,  ii.  597 
acetate,  ii.  601 
arseniate,  ibid, 
benzoate,  ii.  602 
borate,  ii.  600 
carbonate,  ii.  599 
fluate,  ii.  270 
hydrosulphurets,  ii.  685 
muriate^  ii.  248 
nitrate,  ii.  598 
ores,  iii.  505 
ores,  analysis  of,  iii.  605 
oxalate,  ii.  602 
oxides  of,  i.  432 
phosphate,  ii.  600 
pyrites,  iii.  505 
rheumate,  ii.  603 
succinate,  ii.  602 
soap,  ii.  696 
sulphate,  ii.  600 
sulphite,  ii.  601 
tartrate,  ii.  603 
Tincal,  ii.  442 
TinfoU,  i.  432 
Tinning,  i.  454 
Tin  plate,  i.  440 
Tinstone,  iii.  506 
Titanite,  iii.  508,  512 
Titanium,  i.  559 

brown  ore  of,  iii.  512 
carbonate,  ii.  672 
muriate,  ibid, 
nitrate,  ii.  671 
ores  of,  iii.  508, 618 
oxides  of,  i.  379 
oxalate,  ii.  672 
salts  of,  ii.  671 
silicate,  iii.  512 
sulphate,  ii.  672 
tartrate,  ibid. 
Tobacco,  iv.  243 
Tolu,  balsam  ot*,  iv.  157 
Tombac,  white,  i.  449 
Topaz,  iii.  269 

occidental,  ibid.-  ^ 


oriental,  iii.  263 


•  ■  t   * 


CSS 


JKDEX. 


Topaz,  rock,  liL  58B 
Saxon,  ill.  269 

Tortoise-shell,  iv.  470 

Touchstone,  iii.  302 

Tourmaline,  iii.  276,  27S 

Traches,  iv.  336 

Tragacanth,  iv.  72 

Train  oil,  iv.  439 

Transparency,  iii.  249 

Transpiration  of  plants,  iv.  343 

Traps,  primitive,  iii.  552 
noetz,  iii.  567 
transition,  iii.  560 

Tremella  nostoc,  iv.  298 

Tremolite,  ui.  371 

Triphnie,  iii.  S36 

Tripoli,  iii.  345 

Trona,  ii.  440 

Truffles,  iv.  297 

Tube  of  safety,  !!•  74* 

Tongstate  of  lime,  iii.  411 

Tungstatei^  ii.  122 

Tungsten,  i.  550  and  iii.  411 
alloys,  i.  554,  559 
ores  of,  iii.  611 
oxides  of,  i.  551 

Tungstic  acid,  i.  552,  and  ii.  122 

Turmeric,  iv.  224 

Turpentine,  iv.  135 

Turpeth  mineral,  ii.  639 
nitrous,  ii.  634 

Type  metal,  i.  537 

U 

Ulcers  in  plants,  iv.  303 
Ulrain,  iv.  48 
Umber,  iii.  479 
Uran  mica,  iii.  492 
ochre,  iii.  493 
Uranitic  ochre,  ibid. 
Uranium,  i.  410 

ores  of,  iii.  491  and  612 

oxides  of,  i.  412 

salts  of,  ii.  563 

acetate,  ii.  566 

arseniate,  ibid. 

muriate,  ii.  247 

nitrate,  ii.  563 

phosphate,  ii.  566 

sulphate,  ii.  565 

tartrate  ii.  567 
Urates,  ii.  175 
Urea,  iv.  428 


Uric  acid,  n.  179 

sublimate  from,  ii.  175 
Urine,  iv.  551 

fusible  salt  of,  iu  445 

spirit  of,  ii.  28 

changes  produced  on,  by 

diseases,  iv.  558 
of  the  ass,  iv.  561 
camel,  iv.  562 
castor,  iv.  564 
cow,  iv.  561 
fowls,  iv.  564 

guineapig,  iv.  565 
orse,  IV.  560 
lion,  iv.  563 
rabbit,  ibid, 
tiger,  ibid, 
saponaceous  extract  of,  iv. 
428 
Urinary  calculi,  iv.  579 

of   inferior   ani- 
mals, iv.  591 


Valerian,  iv.  225 

Vapour,  explained,  i.  100 
elasticity  of,  i.  97 
state  of,   in   the    atmo- 
sphere, iii.  185 

Vapours,  nature  of,  iii.  29 

Varec,  i.  326 

Variegated  copper  ore,  iii.  454 

Varnishing,  iv.  142 

Vegetable  substances,  iv.  1 

Vegetables,  ibid. 

ingredients  of,  iv.  2 
decomposition  of,  iv. 
369 

Vegetation,  iv.  305 

Veins,  iii.  573 

Venus,  ii.  603 

salts  of,  ibid. 

Verdigris,  ii.  617 

Verjuice,  iv.  26 

Vermillion,  i.  469 

Vessels  of  plants,  iv,  335 

Vcsuvian,  iii.  284,  286 

Vinegar,  ii.  125 

distilled,  ii.  127 
radical,  ii.  128 
of  Venus,  ii.  128 

Viper,  poison  of,  iv.  542 

Vital  air,  i.  181 
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Titreous  copper  ore,  iii.  45i 

electricity,  L  167, 168 
humour  of  the  eye^  iv. 

5S0 
silver  ore,  iii.  447 
Vitriol,  green,  iL  530 
blue,  ii.  608 
white,  ih  571 
Vitriolic  acid,  ii.  104 
Volatile  and  volatilization,  i.  277, 
and  iii.  164 
liniment,  ii,  694 
Volcanite,  iii.  376 
Volta's  eudiometer,  iiL  179 
Vulpinite,  iii.  408 

W 

Wacka,  iii.  380 
Walton  mineral,  iii.  79 
Wash,  iv.  381 
Wasp,  venom  of,  iv.  544 
Water,  i.  224,  ii.  12 

boiling  point  of,  aa  affect- 
ed by  salts,  ii.  14 
as  the  food  of  plants,  if. 

315 
composition  of,  i*  224,  and 

ii.  19 
decomposed    by   iron,   L 

368 
of  nitre,  ii.  74 
expansion  by  cold,  u  76 
sea,  iii.  206 

in  the  atmosphere,  iii.  184 
Waters,  iii.  202 

acidulous,  iii.  219 
analysis  of,  iii.  222 
chalybeate,  iii.  219 
common,  iii.  202 
hepatic,  iii.  219 
mineral,  iii.  213 
rain,  iii.  203 
river,  iii.  204 
saline,  iii.  220 
snoWf  iii.  203 
Wavellite,  iii.  315 
Wax,  iv.  109 

Brazil,  iv.  114 
myrtle,  iv.  113 
ounic,  iv.  Ill 

nt>m  rose  and  lavender  oil, 
iv.  114 


Wemerite,  iii.  337 
Wlieat  flour,  iv.  257 
Whet  slate,  iii.  348 
Whey,  iv.  509 
Whisky,  iL  306 
White  cobalt  ore,  iii.  499 

copper  ore,  iii.  455 

flowers,  iv.  248 

gold  ore,  iii.  439 

lead,  i.  425 

lead  ore,  iii.  525 

ore  of  antimony,  iiL  535 

silver  ore,  iii.  448 

tombac,  i.  449 

of  eggs,  iv.  514 
Willow,  white,  bark  of,  iv.  239 
Wine,  iv.  386 

essential  salt  of,  ii.  429 

its  fermentation,  iv.  386 

component  parts,  iv.  389 
Wines,  table  of  their  compooent 

parts,  iv.  391 
Witherite,  iL  473,  and  iiL  412 
Woad,  iv.  245 

Wolfram,  i.  550,  and  iiL  486 
Wolframium,  i.  551 
Wood,  iv.  183 

gas  from,  i.  243 

opal,  iiL  309 

rock,  iii.  366 

tin,  iiL  507 
Woodfi,  conducting  power  o(  L55 
Woodstone,  iii.  301 
Wool,  iv.  227,  490 
Wort,  iv.  376 
Wormwood,  iv.  243 


Yanolite,  iii.  283 

Yeast,  iv.  378 

Yenite,  iii.  484 

Yellow  earth,  iii.  356 

cobalt,  ore,  iii.  502 
acid,  iv.  474 
flowers,  iv.  248 

Yolk  of  egg,  iv.  514 

Yttria,  i.  356,  and  ii.  63 
salts  of,  iL  504 
acetate  of,  ii.  506 
arseniate,  ibid, 
carbonate,  ii.  505 
chromate,  iL  506 
hydrosulphurel,  ii*  6M 


YttiJa,  iniiriate»  iL  £40 
nitrate,  u.  505 
oxalate,  ii.  507 
photphate,  ii.  505 
auccinate,  ii.  507 
sulphate,  ii.  506 
tartrate,  ii.  507 
Tttrium,  i.  356 
Yttrocerite,  iii.  496 
Yttrotantalite,  iiL  497 
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Zeolite,  iii.  318 

foliated,  iii.  320 

mealy,  iii.  318 

radiated,  ibid. 
Zero,  real,  i.  115 
Zinc,  i,  414 

alloys,  i.   421,   441,   450, 

471,490,505,537,547 
salts  of,  ii.  567 
acetate,  ii.  573 
antimoniate,  ibid, 
arseniate,  ii.  573 
benzoate^  ii.  574 
borate,  ii.  569    * 
butter,  i.  419 
carbonate,  ii.  568 

an  hydrous,  iii.  51 6 
hydrous,  iii.  517 
diloride,  i.418 
chromate,  ii.  573 
citrate,  ii.  574 
flowers  of,  i.  418 
fluate,  ii.  270 


Zinc^  bydrotulphorety  ii.  686 

hyposttlphite,  ii.  572 

iodide,!.  419 

lactate,  ii.  575 

mable,  ii.  574 

molybdate,  ii,  573 

muriate,  u.  247 

nitrate,  ii.  5€r7 

ores  of,  iii.  513 

ores,  analysis  of,  m.607 

oxalate,  ii.  574 

oxide  of,  i.  417 

phosphate,  u.  570 

phospbiiret,  i.  420 

red  ore,  iii.  515 

rheumate,  ii.  574 

silicate,  ii.  569,  and  iii.  516 

soap  of,  ii.  696 

succinate^  ii.  574 

sulphate,  ii.  570,  and  iii.  518 

sulphite,  ii.  572 

tartrate,  ii.  574 

tungstate,  ii.  573 

zumate,  ii.  575 
Zircon,  i.  364,  and  ui  257 
;riroonia,  i.  364^  and  iL  6B 
acetate,  ii.  S2& 
carbonate,  ii.  522 
muriate,  ii.  241 
nitrate,  ii.  522 
sulphate,  ii.  523 
Zirconium,  i.  363 
Zoisite,  iii»  281 
Zoophites,  iv.  464 
Zumates,  ii.  190 
Zumicacid,  ii.  189 


THE  END. 


